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INTRODUCTORY NOTE. 


OWARDS the end of 1920 it was decided to erect a number 
of directional radio receiving sets in various parts of the 
British Isles, attached either to Universities or Government 

experimental establishments. The object of these installations 
was to take regular observations of the apparent radio bearings 
of various transmitting stations, whose positions were accurately 
known, in order to obtain data on the nature, magnitude and 
other characteristics of the variations of bearings which had 
been previously known to take place. While the places for 
observations were originally selected to obtain two or more sites 
on great circles from certain land transmitting stations, the 
final choice was made more from the point of view of availability 
of both site and observer than from other considerations. 


Under the direction of the Directional Wireless Committee 
of the Radio Research Board Dr. R. L. Smith-Rose under- 
took the personal supervision of this investigation throughout, 
from the inspection of the various sites, and erection of the 
apparatus down to the collection and co-ordination of the results 
obtained. For reasons of expediency and the immediate avail- 
ability of suitable apparatus, the work was commenced by observa- 
tions with the Robinson direction-finding system upon the 
European high-power “spark’’ transmitting stations operating 
on wave-lengths between 2,000 and 9,000 metres. An organisa- 
tion of ten observing stations was set up in 1921, seven of these 
being located at British Universities. The location of these 
sets with other data concerning them follows this Introductory 
Note, and a detailed description of the installations is given in 
the Report. One of the direction-finding sets was erected at the 
National Physical Laboratory, Teddington, and was used chiefly 
as a control on the general organisation. All observers were set 
to work on a regular programme of observations extending over 
three to four hours per day. Modifications in this programme 
were made from time to time to meet changed conditions, all 
instructions being issued from the National Physical Laboratory 
where the results were forwarded weekly by the observers for 
the work of collation. 

Regular observations were commenced at Teddington on 
7th February, 1921, and this first Part of the Report deals with 
the progress of the investigation from that date until 4th March, 
1922. During this period over 41,000 readings were received, 
and a very brief summary of these is givenin tabular form. These 
results are further illustrated by numerous graphs, which are 
‘ discussed in detail in connection with the deductions drawn there- 
from. 

Early in the second year of the investigation all the direction 
finders were equipped for reception of continuous waves, and the 
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work was consequently extended to the European C.W. trans- 
mitting stations, still however being confined to the compara- 
tively long waves in the range of 2,000 to 9,000 metres. The 
results of these observations continued during the second year 
of the investigation up to March, 1923, will be issued as Part II 
of the main Report. 


Towards the end of 1922, the investigation was extended 
to much shorter wave-lengths, concentrating particularly upon 
the 450 metre wave, which is the one in general use for com- 
mercial direction-finding in this country at the present time. 
Owing to the fact that only low-power transmitting stations were 
in operation on these shorter waves, it was found necessary to 
alter somewhat the location of the direction-finders for suitable 
observations, and the advanced stage of development of the 
Bellini-Tosi system made its use desirable and expedient in this 
particular work. The collection of observations on these shorter 
wave-lengths was continued until 3lst March, 1924, to obtain 
data on a somewhat similar scale to those published herewith, 
and the results of these observations will be contained in Part III 
of the Report. 


In reviewing the results outlined in the present Part of the 
Report, in which the variations in the observed bearing are seen 
to attain quite large values under certain conditions, two points 
should be emphasised: first, that the stations upon whose 
transmissions observations were made were situated at con- 
siderable distances from the receivers—rarely less than 100 miles, 
and in some cases greater than 1,500 miles; second, that in the 
majority of cases the transmitted waves passed over considerable 
tracts of land during some portion of their path. In the exten- 
sion of the work to the shorter waves, it has been possible to 
locate one of the observing stations on the coast, and to take 
readings of the apparent bearings of various ship transmitting 
stations, whose positions were known at the time. By this 
arrangement the transmitted waves passed entirely over sea, and 
it has already been found that under these conditions at distances 
up to the order of 60—100 miles, the radio direction-finding observa- 
tions show a variation of only a few degrees, the individual 
bearings showing a maximum error of the order of 5°. Simul- 
taneous observations taken on the same waves after they have 
travelled considerable distances over land show variations of 
the order of 60°, thus being comparable with those tabulated in 
the accompanying report. This aspect of the results should be 
emphasised as being of considerable importance in the application 
of radio direction-finding to marine navigation problems, where 
the majority of the work is carried out at comparatively short 
distances (less than 100 miles) and where the transmissions are 
nearly always entirely over sea. 


Table No. 23 of this Part of the Report ithestrales the great 
reduction in the extent of the variation at short distances even 


when the transmission is entirely overland and waves of moderate 
length are employed. At distances of 4:6 and 10 miles, the 
maximum error in observed bearings was 2:3°. Similarly, on the 
shorter wave-length of 450 metres, the variations observed in 
two instances of separate transmissions over distances of 10 and 
15 miles overland, show a maximum error of the order of 1°. 
Further consideration of this matter and of the relative 
behaviour of long and short waves is left for the later Parts of 
the Report. 


F. E. SMITH, 


Chairman of the Committee on 
Directional Wireless. 


October, 1924. 
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VARIATIONS OF APPARENT BEARINGS 


OF RADIO TRANSMITTING STATIONS 


PART I—OBSERVATIONS ON FIXED STATIONS 
FEBRUARY, 1921—MARCH, 1922 


SECTION I.—DESCRIPTION OF INSTALLATIONS AND 
OF EXPERIMENTS ON INSTRUMENTAL AND LOCAL 


ERRORS 
(1) Detailed description of the Installations 


7° being generally suitable for the investigation from the point 
of view of accuracy, simplicity and economy, the Robinson 
system * was employed, and a particular design of this was 
standardised, the details being as follows. The “auxiliary” or 
A coil was a light -wooden frame-work of size 5’ by 3’ wound 
with 30 turns of No. 18 S.W.G. copper wire. The “‘ main ”’ coil 
B was similarly constructed of size 3’ by 2’ 10”, and wound with 
16 turns of the same size wire, the depth of the winding in each 
coil being 8”.The two coils screwed together at right angles were 
arranged to revolve in a stand about 6’ high, the bottom of the 
coils being thus about 2’ 6” above the ground. 
The four leads from these coils were brought out at the top 
of the stand and connected to the terminals of the combined 
tuner switch-box, fixed at the side of the stand. This con- 


tained :— 

(1) A condenser continuously variable up to about 0-008 
microfarad, being suitable to tune the coil system for 
the range of wave-lengths from 2,000 to 9,000 metres. 

(2) A commutator switch for the reversal of the connections 
of the coil A; and 

(3) A switch enabling coil A to be disconnected from the 
circuit and a small coil substituted, accurately 
balanced to have the same self-inductance, but to be 
practically non-receptive to external signals. 

This switch permitted of the preliminary setting of coil B in 
approximately the maximum position without disturbing the 
tuning of the circuit, prior to the introduction of A and the 
accurate determination of the bearing by operation of the re- 
versing switch. A circular wooden scale 2’ in diameter was fixed 
to coil A, the direction of which was read from a sight on the stand. 

The entire apparatus at each station was exactly identical, 
and was erected in as similar a manner as possible to reduce to 

the minimum all possible instrumental errors. Every endeavour 
was made to obtain at each place a suitable site on flat open 
ground, free from trees, metal-work and overhead wires, etc., 
but in some cases where an ideal site was not available, a com- 


promise had to be made. 
* These numbers refer to the Bibliography on p. 95, 
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For the housing of the sets, wooden huts were erected of size 
16’ by 10’ by 8’ high, designed with a view to eliminating all 
unnecessary metal-work, and erected with the longer side of the 
hut in the geographical meridian at each place. The Robinson 
recelving set was then placed in the centre of this hut with the 
frame in the N and S direction. The orientation of each set was 
carried out with a good prismatic compass, which could be read 
to 0-1°, and with due correction for the compass error and the 
magnetic variation at each locality, the coil system was arranged 
so that, with the “‘ main ”’ or B coil in the geographical meridian, 
the scale reading on the direction-finder was 0° or 180°. The 
compass was sighted on the edge of the frame-work of the coils 
and the mean was taken of the readings on the two sides of each 
coil. It is considered that by this means the setting of the coils 
was accurate to within 0-25°, and in this position the stand was 
securely screwed down to the floor of the hut by means of brass 
angle plates. The setting of the coils at each station was later 
checked from the sun by a simple “ shadow ”’ experiment carried 
out at noon for each locality. In all cases, the first setting was 
found to be accurate to well within 0-25°. 

The leads from the tuner switch-box were taken to the ter-. 
minals of a standard form of 7-valve transformer-coupled amplifier 
giving three stages of amplification at radio-frequency, and 
rectification followed by three-stage amplification at audio-— 
frequency. The batteries associated with this amplifier were 
(a) a 6-volt accumulator for the lighting of the valve filaments, 
and (b) a 70-volt battery consisting of 50 Leclanché cells for the 
anode current supply. Both amplifier and batteries were in- 
sulated on paraffin blocks, and mounted on a table in a corner of 
the hut, about 5’ away from the receiving coils, the telephone 
cords being long enough to allow the observer easily to manipulate 
the set when standing near the tuner box. A view of the entire 
installation including the screened local oscillator which was 
introduced later, is shown in the frontispiece. 


(2) Scope of investigation - | 

, . Although the chief object of the investigation was to collec 

data on the variable errors of direction-finders, much useful 
information has also been obtained about the errors which may, 
or may not, be of a permanent nature, and which are due to the 
locality of the installations. In order to distinguish the smaller 
errors due to the site from those inherent in the instruments it 
was considered advantageous to carry out some experiments 


upon the limits of accuracy of the latter under the conditions of - 
use. 


(3) Instrumental Errors of the Direction-Finding Installations 
A somewhat detailed study of the instrumental errors of the ~ 
Robinson system of direction-finding has been described in a 
paper by Hollingworth ®. Although this discussion is largely 
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theoretical, it is supported by the results of actual experience 
which tend to show that such errors never amount to more than 
1° in the apparent observed bearing, and are usually much smaller 
than this. Owing to the large errors ranging up to 40° or 50° 
experienced with direction-finders as a whole from other causes, 
the more minute instrumental errors have not been investigated 
in great detail, but various experiments have been carried out 
to ascertain the probable limits of accuracy of the particular 
receiving sets in use. In the consideration of the results it should 
be remembered that the particular instruments used were not 
intended for accuracies of less than 1°, and the experiments were 
actually carried out to verify that this limit was justifiable in 
collating the results of the general investigation. 


(a) Scale Calibration.—Under this heading is included any 
possible error which might be due to the scale and its graduation,. 
quite apart from any wireless effect. In the type of instrument 
used, the scale consisted of a vertical strip. of thick paper pasted 
on to the outside edge of a circular wooden hoop 2’ in diameter. 
This hoop was fixed at four points to the large coil, concentric with 
the axis of rotation. The paper scale was divided equally into 
360° the width of a degree division being about one-fifth of an 
inch. A fine line drawn on a piece of transparent celluloid mounted 
vertically at about one-eighth of an inch from the scale served 
as an indicator, parallax being avoided by sighting through a 
circular aperture fixed about 1’ away at a convenient height for 
the observer's eye. By this arrangement the reading of the 
indicating line on the scale could be easily estimated to a tenth 
of a degree. | 


The possible errors which can arise from such a type of scale 
include the expansion or contraction of the paper after gradua- 
tion, the warping of the wooden hoop resulting in its being non- 
circular, and the eccentricity of the hoop on the axis. To gain 
a knowledge of the order to which these combined errors could 
amount, the scales of two similar instruments were tested against © 
a geometrically constructed protractor divided into 15° sectors. 
This was mounted concentrically on the axis of the coils, and 
rested flat on the upper edge of the scale. Choosing one radial 
line on the protractor as a zero, and superposing this on the 
zero of the scale, the readings of each of the 15° radii were observed 
on the scale to 0-1°. The difference in the readings at every 15° 
gives the algebraic sum of the errors of both scale and protractor. 
To eliminate the protractor error the above readings were re- 
peated with the scale zero set at the 15°, 30°, etc., divisions on 
the protractor. By this means a set of 24 readings is obtained 
for each 15° division of the scale and the mean of these 24 read-. 
ings will be independent of any error of division of the protractor. 

Tests made in this manner on two sample scales showed that 
while over some portions of the scales the error of calibration was 
less than a tenth of a degree, over other portions of the scale the 
error amounted toasmuchas 0:5°. The calibration curves show 
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that a difference of as much as 0-6° might occur in taking direct 
and reciprocal observations of bearings at some points on the scale. 


(b) Reversed Coil Tests ——One instrumental error to which 
closed loop and coil aerials are subjected is known to direction- 
finder experimenters as “ vertical”’ or “‘ antenna effect.” This 
is the result of associating the tuned receiver circuit of the direction- 
finder directly with the first valve of the cascade amplifier. Owing 
to the comparatively large bulk of the batteries connected to the 
valve filament, there will be very appreciable capacity between 
this point and earth ; whereas the grid, being a small wire spiral 
and highly insulated, will have a very small capacity to earth. 


The presence of these capacities will result in a vertical current 
to earth flowing on either side of the main tuning condenser 
under the influence of the E.M.F.’s induced in the two sides of 
the coil by the incoming waves. The inequality of these “ vertical ”’ 
or “‘ antenna ”’ currents will result in a residual potential difference 
across the main condenser, and so will be effective in producing a 
signal in the receiver. 

This “‘ antenna effect’ is chiefly noticeable in rendering the 
zero of signal very indistinct, making its exact determination 
somewhat difficult. In certain conditions also, ‘‘ antenna effect ’’ 
displaces the minimum of the coil from its true setting and since 
the effect is non-directional, the. displacement is of the opposite 
sign when the coil is rotated through 180°. The existence of this 
“antenna effect ’’ can thus frequently be detected on directional 
recelving systems by taking direct and reciprocal readings, when 
the difference of these less 180° will represent twice the error due 
to the effect. 

In the Robinson system, the rotating coils are not operated 
directly on a minimum, but with a swing of an equivalent coil 
through about 30°, as has been described elsewhere ®. It is 
therefore to be thought that the effect will not materially con- 
tribute to an error in reading. 

Another non-directional effect which, being somewhat similar, 
may be linked with the true antenna effect is that due to the 
direct pick-up of the leads from coil to amplifier, and due to the 
leads and transformers of the amplifier itself. 

To gain a definite knowledge of the magnitude of the errors 
which might be introduced by these effects, a large number of 
experiments was carried out on the various sets in use, taking 
duplicate bearings on various transmitting stations with the coil 
system first in the normal and then in the reversed position. By 
the “normal” position is understood that setting of the coil 
system in which the scale reading is approximately the true 
bearing of the transmitting station. 

The following Table 1 shows a summary of the observations 
which were carried out on coil reversals on the different sets over 
a period of four successive weeks. In all cases the readings were 
taken in the daytime and the pairs of normal and reversed 
readings were taken as quickly as possible to avoid any external © 
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variation which might occur between the readings. By taking a 
number of pairs of readings the effect of such variations and also 
of observational error is minimised. 


TABLE |.—SHOWING RESULTS OBTAINED FROM OBSERVATIONS ON 
Cori, REVERSAL 


, ae ee 5 

Bat fobae| Bd cL eke 
3 als rs r a) n w v VS aS) Ec : 
Receiving | Transmitting) Wave- aaa 3 ae 90 |B op 
station. station. length. | 4-3 z ey ss a ou 22.8 
s*| $8 | $8 | Sn (sss 

Z = a | mE any ee) eae 
(km.) deg. deg. deg.) | (deg.) 

Aberdeen | Faris 2°35 Spk. Mic Sel oe Lint 
(Set 1) Poldhu y Es ae 10 184-0 3°4 |—0-6 |—0°3 
Paris ye 10 162-2 | 341-5 |—0-7 |—0°3 
Nauen orors. 6 126-4 | 305-2 |—1-2 |—0°6 
Bangor .-| Horsea 225 CW. 4 135347) 321-1 |-+-6:0:4+38:0 
(Set 2) Paris 2:5 Spk. 16 132°5 | 311-0 |—1-5 |—0-7 
Poldhu 225 i: 4 195-9 16-0 |+0-1 |+0°1 
Cleethorpes...p..3+0..,, 2 71-0 | 253-0 |+2-0 |+1-0 
Paris He ge ae gh 135-1. | 315-3 |+0-2 |+0<1 
Nauen oe 24 20 79°1 | 263-3 |+4-2 |+2:-1 
Horsea 4:0 C.W. 12 138-4 | 318-8 |+0-4 |+0°2 
Horsea 4-5 C.W. 16 141-2 | 319-3 |—1-9 |—0°9 
Bristol ..| Paris “| 2°5: Spk. } 100 127-9 | 307-9 0-0 0-0 
(Set 4) Poldhu 1 Mele, wen 32 230-2 49-2 |—1-0 |—0°5 
Cleethorpes | 3:0 ,, 4 a6°3 | alers 0:0 0-0 
Paris Re, So cea ye 127-0 | 307-9 |+0:9 |+0°5 
PLARMIEZ 644-373 ,; 4 186-0 6:0 0:0 0-0 
Chelmsford | 3-8 C.W 18 78:3 | 258-2 |—0-1 |—0:1 
Coltano ei aed Opi 4 124-0 | 304-0 0-0 0:0 
Nauen ba) 5S ae ps 75:0 | 255-1 |+0-1 |+0°-1 
Nantes eee, 4 174+2°) 354-2 0-0 0-0 
Forsea- > *..| 4°5.C,W 24 121-1 | 301-2 |—0-1 |—0-1 
Cleethorpes | 4:6 Spk 4 S07 hog Ori) ed 
Newcastle ..| Paris 1? 2 pe 60 155-2 | 354-9 ;—0-3 |—0°l1 
(Set 7) Poldhu Ne Te ee 16 205-7 27-2 |+1°5 |+0-7 
Aberdeen ../} 3-0 C.W. 5 352-2 | 171-0 |—1-2 |—0°6 
Cleethorpes | 3:0 Spk. 3 145-6 | 327-6 |+2:0 |+1-0 
Paris oe oe 22 157:1 | 335-9 |—1-2 |—0-6 
Chelmsford | 3-8 C.W 3 187-0 f 307-0 0-0 0-0 
_Nauen . | 3°9 Spk 17 96-3 | 277-3 |+1-0 |+0°5 
'Karlsborg ..| 4-2 ,, 7 61-9 | 241-0 |—0-9 |—0°-5 
Horsea .| 4°55 C.W. > 175°8 | 356-7 |+0-9 |-+-0°5 
Cleethorpes | 4:6 C.W. 10 146-6 | 328-3 |+1-7 |+0°9 

Moscow WsOrSpk. 2 71-4 | 251-3 |—0-1 |—0°1 

Clifden .| 6-0 C.W. 8 250° 0 77°-3-|+2-3.|+1-1 
Peterborough ..| Paris Or opk. 20 157-1 | 336-7 |—0-4 | —0°2 
{Set 8) Poldhu as weet, 45: Z 233-1 53-2 ;—0:1 |—0:1 
Chelmsford ney Sao 8 1O9"5. 14.335. 5 0-0 0-0 
Teddington ..| Warsaw -f.2°1 Spk: 6 79°3 | 258-2 |—0°9 |—0°5 
(Set 10) Paris big She Din dss 10 145-7 | 344-8 ;—0°-9 |—0°5 
Poldhu Aa tai 30 249-8 70:5 |+0°7 |+0°3 
Budapeserccr 3° O" ., 10 100-5 | 280-3 |—0°2.!|—0:1 
Paris | Ape tee 8 145-1 | 324-5 |—0°6 |—0°-3 
Chelmsford | 3-8 C.W. 12 57-7 | 237-8 |+0-1 |+0>1 
Moscow 5-0 Spk. 16 66-3 | 245-5.1|—0°8 |—0°4 
Clifden oh ae 8 294°6 | 115-7 |4+1-1 |+0-5 
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i 
TABLE 2.—SHOWING ANALYSIS OF ERROR IN OBSERVED BEARINGS 
oN SET No. 10, NOT DUE TO CALIBRATION OF SCALE, 


Observed | Difference | Error in 


difference | of read- bearing 

Transmitting Wave- Normal of read- ings on not due 
Station. length. reading. ings on reversal to scale 
reversal, due to error. 

e. scale error.| .C—D. 

D, 2 
| 

(kkm.) (degrees) | (degrees) | (degrees) | (degrees) 

Warsaw 2-1 TI°3 — 0-9 — 0°5 — 0:2 
Paris... ALR. 145-7 — 0:9 0-0 — 0°5 
Poldhu 228 249-8 + 0:7 + 0:5 + 0°] 
Budapest 3:0 100-5. mee — 0-4 + 0:1 
Pars... oe 145-1 — 0:6 0-0 — 0°3 
Chelmsford 3°8 Wal + 0-1 — 0°6 + 0:3 
Moscow vt a0 66°3 — 0:8 — 0-5 —"Oet 
Clifden ae o°8 294-6 + 1:] + 0:3 + 0-4 


When taking observations with coil reversal in this manner, 
the actual readings obtained include any errors due to the scale 
as well as those due to antenna effect which may be shown up by 
this procedure. As mentioned above, however, only two of the 
sets in use were tested for scale accuracy. 

Table 2 above shows a comparison for Set No. 10 between the 
errors obtained from Table i and those obtained for the scale 
calibration for this set. It will be seen from this table that while, 
in some cases, the scale error partly accounts for the difference in 
readings obtained on reversal, in others this difference is un- 
affected or even augmented by correction for the scale. The 
last column in Table 2 shows the actual error in the observation 
of the bearing of a station with the coil in the normal position, as 
exhibited by these coil reversal experiments. It will be seen that 
the maximum error thus obtained over the range observed is 
0-5°, while the error is in general much less than this. While 
the error obtained on Paris decreases when the wave-length is 
increased, as would be expected from theoretical considerations, 
there is no consistent variation with wave-length for the other 
transmitting stations observed. This may have been due to other 
conditions, such as the difference in form of the waves from 
different stations, which may have a greater effect than the 
alteration in frequency. 

Reverting now to Table 1, it is seen that, for the receiving 
sets 1, 4, 7 and 8, the error in the normal bearing as shown by the 
coil reversal experiments has a maximum value of 1-:1°, while 
the usual value is about 0-5°. As experienced above, the scale 
error for these latter sets cannot wholly account for this, although 
it may partially do so. For example, at Set 7, Moscow and 
Clifden are nearly 180° apart, and so any scale error should be — 
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numerically the same for these two stations. It is seen, however, 
that the observed errors differ by 1°. Again, the two wave- 
lengths of Paris always give a different error, although there can, 
of course, be no question of difference of scale errors in this case. 
It is to be noted also that, for Sets 4 and 7, the error was greater 
for the long than for the short wave of Paris in contradiction to 
the results on the other sets. 

.The receiving set No. 4 is situated at the top of a stone tower, 
some 60 ft. above the ground, and it would be supposed that the 
antenna effect would be much reduced in such a position. It is, 
therefore, probably very significant that the errors given by the 
results in Table | should generally be negligible for this set, and in 
any case they have a maximum value of 0:5°. 

The results obtained on Set No. 2 and recorded in Table 1 
show that the errors are here abnormally increased, particularly 
in the case of transmission from Horsea and Nauen, when the 
error ranges up to 3°. This is probably due to some local con- 
ditions at this set, as other abnormal results have been obtained 
here which cannot be ascribed to any fault of the instrument, and 
it was previously expected that the site would not be entirely 
suitable for direction finding. 

For example, large permanent errors ranging up to several 
degrees are obtained here on certain transmitting stations. Also 
the observed bearing changes considerably with change in wave- 
length at the transmitting station, e.g., Paris and Horsea, giving 
changes of 2-3° and 6-1° respectively. In the case of the latter 
station, by applying the correction given in the last column of 
Table 1, the normal bearings so obtained are much more nearly 
the same for the three wave-lengths on which Horsea was observed. 

Owing to the peculiarities exhibited by this set, many experi- 
ments were carried out by the author, which will be mentioned in 
appropriate places throughout this paper. In connection with 
the present experiments on “ antenna effect,’ it was found that 
all the changes which were obtained by coil reversal could be 
produced by merely reversing the connecting leads at either tuner 
box or amplifier. This is, of course, to be expected, for such 
reversal of leads will naturally reverse the antenna effects due to 
capacity to the ground, and these experiments thus confirm the 
experience of an abnormally increased “vertical” effect at this. 
particular station. 


(c) Detuning of the coil system—The correct condition of 
the direction finder for the observation of bearings is with the 
receiving coil accurately tuned to the length of the incoming 
waves by means of the variable condenser. This is a natural 
operation, since it ensures the maximum signal strength in the 
receiver. Unless otherwise stated, therefore, it is to be under-. 
stood that all observations are taken with the coil tuned as 
accurately as possible. The effect of slightly detuning the coil 
system would be to change the phase relationship of the pure coil 
current and its resulting signal at the receiver. For example, it 


/ 
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would be expected that the detuning would cause a misphasing 
of the coil and antenna effects, with a consequent reduction in 
the relative magnitude of the latter. 

To gain some knowledge of the above effect, some experi- 
ments were carried out on the various sets, taking observations 
with the coil tuned and detuned. The detuning was carried out 
by alteration of the variable condenser by amounts corresponding 
to 10 per cent. and 20 per cent. changes in capacity, first in an 
increasing and then in a decreasing direction. Table 3 below 
shows a summary of the observations obtained. 


TABLE 3.—VARIATION IN THE OBSERVED BEARINGS BY DETUNING 
THE JRECEIVING .COIL 


| | Mean Pirate co bearings otitis 

ones (degrees). produced 

Receiving Trans- length see 
station. mitting (A). | Con- Condenser detuned. (degrees). 

station, km. | denser 
tuned. 

+10°/, eval any ee —20°/,, + — 
Set] Gabid ave iS _ 2-5 | 162-0) 161-7; — 162-1] — _0-3/40.1 
Paris oC 382 iS)? SiM1G is Sit 161-9) — 0-0/+0-1 
set Z opal LS A 2°5 | 132-2) 131-0) 131-2) 133-0) 132-4|—1-2)--0-% 
Poldhu 2-8 | 196-3! 196-8) 196-5) 196-1) 196-0)/+0-6 —0-6 
Nantes 2*8: ) 169-0) 169-5 Oe | +0:°5/+2-1 
Paris 3°2 | 134-9) 135-3) 135-4! 134-7) 134-7;+0-5|—0-2 
Nauen 3-9 | 75-3! 75-6) — | 75-0) — ‘Ge giaas 
Coltano 4-2 | 126-2) 125-8) — 126-5) — |—0-4/+0-3 
Karlsborg 4+2 51-2} 50-7; — 51:4) =) 
Nantes 4-5 | 167-9} 168-0} — 167-7; — j|+0-1)—0-2 
Set 4 ..| Paris 2°35 | 127-9) 128-0) 128-0) 127-0} 127-0/+0-1;/—0-9 
Poldhu 2°8 | 231-0) 231-2) 231-0) 230-6) 230-7|/+0-2|—0-4 
Paris 3°2 | 126-6) 126-6) 126-6) 126-7) 126-4) 0-0/—O0=2 
Nauen SO FSO 7S" 7s 75:1; — |+0-7/+0-1 
Horsea 4°5 | 119-8) 119-8) 120-1) 119-7| 120-1)/+0-3/-+-0-3 
meL s aie atts 2°5 | 154°8) 155-1) 155-1) 154-7} 154-4|/+0-3)/—0-4 
Poldhu 2-8 | 205-5) 205-6) 205-8) 205-4) 205-3) +0-2|/—0-2 
Paris 3:2 | 156-2) 156-4) 156-5) 156-0) 155-6|+0-3)/—0-6 
Nauen 3°9.| 97:5) 97-8) 98:0; 97-0) 97-4)/+0-5)—0-5 
Horsea 4°35 | 174-1! 173-0; — 172-2; — |—1-1|—1-+9 
Set 8 ep ibatis 2:5.| 157:2) 157-2) 157-2) 157-2) 157-2) oo Gate 
Poldhu 2-8 | 233-2) 233-3} 233-1) 233-1) 233-2) +0-1)/—0-1 
Paris 3°2 | 158-0; 158-0} 158-0) 157-9, 158-0} _0-0)/—0-1 

Horsea 4-5 197-1 197-1) 197 Bh) — |4+0-2) — 


The number of transmitting stations upon which these obser- 
vations could be made was limited ; first, because the loss of 
signal strength in some stations on detuning made an accurate 
observation difficult or even impossible, and, secondly, because 
a number of stations had only a short time of transmission. To 
carry out carefully a complete set of observations with the coil 
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tuned and detuned takes three or four minutes, and it is necessary 
to return constantly to the tuned position to ascertain that the 
normal observed bearing has not altered from causes external 
to the instrument. Each of the above results, however, is the 
mean of several observations made at intervals over a period of 
four weeks, and all the readings were obtained in daylight. The 
tabulated results thus serve to indicate the effect of detuning a 
closed coil direction finder on the apparent bearings given by the 
latter. | 


These results show that while, in some cases, the change in 
bearing produced by detuning is negligible, in many cases the 
change produced is very appreciable and well exceeds the errors 
of observation. The extreme cases are shown by the obser- 
vations on Nantes and Horsea at Sets Nos. 2 and 7 respectively, 
when a total change of as much as 2° may be produced by adjusting 
the condenser to one or other side of the true resonant value. 
In general the changes due to mistuning are greater than those 
duie to coil reversal, but it is perhaps significant that the com- 
parative errors from the two experiments are greatest for the 
same sets. 


While the exact explanation of these results is somewhat 
obscure, they are to be expected as the effects of misphasing 
the pure coil signal E.M.F. relative to the signals produced by 
other effects such as the direct pick-up of the leads to the amplifier, 
and the displacement currents due to the capacity between the 
turns of the coil. The latter effect would be reversed when the 
coil is rotated through 180° and so would not be shown by the 
previous experiments. | 


That the direct pick-up of the leads of such a receiving set as 
that used is by no means negligible is easily demonstrated. With 
the seven-valve amplifier employed, signals from the more powerful 
spark transmitting stations such as Paris and Nauen can be re- 
ceived quite well at distances of 200 to 300 miles, by merely touching 
the grid terminal of the amplifier with the finger or by connecting 
two or three feet of wire thereto; for the human body or lead 
acts as an aerial, which, although untuned, picks up enough 
energy to give good signals in the telephones. When the receiving 
set is still nearer the transmitting station, even this “ aerial ”’ is 
unnecessary, the amplifier connections and transformers serving 
quite well to pick up the necessary signals. For example, Set 2 
(Bangor) was situated at 9-7 miles from the Carnarvon transmitting 
station, employing 200 kilowatts for transatlantic communication. 
Signals were easily audible at this distance with only one or two 
valves, no other leads or circuits being necessary. 7 


In this case some curious freak effects were observed at the 
receiver. The Carnarvon station employed at that time the 
‘“timed-spark ’’ system of transmission, giving approximately 
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continuous waves of length 14:4 kilometres. At the distance of 
the receiver (9:7 miles) and thus within about one wave-length 
of the radiating aerial, good “spark”’ signals were obtained 
with the receiving coil tuned to any wave-length from 2:0 to 
10 km., but a distinct peak was noticeable at about 2-7 km., 
corresponding apparently to the sixth harmonic of the transmitted 
wave. When the receiver was adjusted to this harmonic, large 
changes in apparent bearing were given by this set from day to 
day, which were at first not understood. The explanation was 
found later in that these were due to slight errors in tuning adjust- 
ment, and, on carrying out some detuning experiments, the change 
in apparent bearing obtained was as shown in Fig. 2 (p. 44). 


Owing to the conversion of the Carnarvon transmitting 
station to a pure continuous-wave system, further experiments 
on the observed effect were impossible, and while the explanation 
is somewhat obscure, it undoubtedly lies in the short distance 
between the transmitter and receiver, and the fact that the latter 
is under the influence of the direct inductive field from both the 
vertical and horizontal portions of the transmitting aerial. The 
whole principle of direction-finding assumes that the inductive 
field is negligible compared with the radiation field, and it would, 
therefore, be unwise to use a directional receiving set at such a 
short distance as one wave-length from the transmitter. More- 
over, it should be remembered that the above observations were 
made upon what was either a sixth harmonic of the fundamental 
wave, or even possibly a normal mode of oscillation of the 
antenna. | 


In normal circumstances, however, it is seen that the mis- 
tuning of a closed coil direction-finder may give errors of bearing 
as great as 2°, and this result emphasises the necessity of accurately - 
tuning the receiving coil before commencing the observation of a 
bearing. 


(d) Coil shape effect—A brief discussion of the possible errors 
which may be introduced by the mode of winding the direction- 
finding coil was given in an earlier Report of the Board ®, 


(e) Evrors due to Unscreened Local Oscillators.—In using a 
directional wireless system for the reception of continuous waves, 
it is desirable to work on the heterodyne principle, and to introduce 
at some point in the system local oscillations to give an audible 
beat note with the incoming oscillations. The resulting signal 
note in the telephones depends upon the relative amplitudes of 
the two sets of oscillations received. Since in direction-finding 
it is necessary to determine the conditions for some definite 
amplitude (sometimes zero) of the incoming oscillations, it is 
essential to maintain the constancy of amplitude of the local 
oscillations introduced into the system. In the case of the 
single-coil direction-finder this is easily done by mounting the 
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local oscillator on the axis of the coil and adjusting its coupling 
with the coil to give a suitable. value of the induced local oscilla- 
tions. Alternatively, the local oscillator may be coupled on to ~ 
some convenient point of the receiving amplifier, providing suitable 
precautions are taken to prevent any change in amplitude of 
the local oscillations arising from stray coupling between the 
oscillator and the rotating coil. 


In the case of the crossed-coil system the difficulty is somewhat 
enhanced. The effective E.M.F. of the local oscillations at the 


-amplifier terminals is the sum of the E.M.F.’s induced into each 


of the crossed coils. Since the connections of one coil are reversed 
in determining directions, one of these E.M.F.’s will be reversed, 
and thus the effective amplitude of the signal E.M.F. will vary 
as the commutating switch is operated. This can be obviated 
by arranging that the induced E.M.F. in one coil is zero; for 
instance, by mounting the oscillator inside the coil system and 
suitably orienting with respect to the two coils. | The condition 
is, however, only partly satisfied in this way, owing to capacity 
coupling between coils and oscillator, and owing to the effect of 
the equivalent turns of box-coils mentioned above. Even if the 
condition is fulfilled, the arrangement is not satisfactory, owing 
to the difficulty of controlling the amplitude of the local oscilla- 
tions introduced. It is usually found that even the feeblest 
triode oscillator with such a coupling gives much too great a 
strength of local oscillation for the best reception of signals. 


The alternative thus remains of removing the local oscillator 
and so screening it that no stray field is effective at the coil 
system, the oscillations being introduced direct to the amplifier 
through a small astatic coupling under complete control. The 
author has shown that the problem of completely screening a 
small valve set generating radio-frequency oscillations is by no 
means an easy one, but can be solved by. taking suitable pre- 
cautions. In the paper “ describing this experimental investiga- 
tion, details are given of a suitable screened oscillator designed 
and used for direction-finding work; and this type of local 
oscillator has been used at all the direction-finding installations 
set up for the Radio Research Board in the extension of the 
experiments from “spark” to continuous wave working. 


To illustrate the effect of the stray field from the oscillator in 
producing an error in bearing, the following results may be given, 
from an experiment made on the “ unscreening ”’ of the oscillator. 
At Teddington the transmissions from Chelmsford could be heard 
quite well on an ordinary spark receiver, owing to the impurity 
of the continuous waves employed. This enables observations 
of bearings to be made on this station both with and without the 
use of a local heterodyne, thus enabling any error due to the 
latter to be detected. A long series of experiments showed that 


with the screened oscillator placed at a distance of 4’ or 5’ from the 


coil, the error in observed bearing introduced by the operation 
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of the oscillator is never greater than 0-1°, which is well within 
the limits of accuracy of observation. The screening box is 
provided with two lids, and the effect of removing these is shown 
in the following results :— 


Chelmsford C.W. 
X = 3:8 kee 
Condition of screened oscillator. | 
Observed Error 
bearing. observed. 
(degrees) (degrees) 
Not in operation ; a ae cn 57°3 — 
In operation, fully screened oe rs oe 97 °2 me ee 
™ outer lid removed a FR 61°5 + 4-2 
both lids removed bi, ag 65°5 + 8-2 


3) 


While these results are only typical of the effect produced, and 
do not necessarily represent the greatest possibilities, they serve 
to show that an error of several degrees may be introduced in a 
direction-finding system by a local oscillator which is not efficiently 
screened. 

(f) Induction or re-radiation from the amplifier—Under this 
heading is included any errors in the apparent bearing which 
may arise due to the effect of the amplifier transformers or any 
of the associated leads in inducing a secondary E.M.F. into the 
coil system. The leads from coils to amplifier must, of course, 
be included in such an effect, but the amplifier transformers will 
probably be of more importance than these owing to their shape 
and to the fact that the signals will be amplified by one or more 
valves before reaching them. To minimise the possibility of 
the error, the amplifier was always mounted about 6’ away from 
the centre of the coil system, this being a convenient distance 
to which the operator’s telephone cord would reach and also 
enabling him to control both tuner box, coil system and amplifier, 
without excessive walking to and fro. The leads from the tuner 
box to the amplifier, while not closely twined on account of the 
large capacity between them, were kept loosely twisted to avoid 
any loops which might have coupling with the coils. 

To ascertain the magnitude of the error introduced in a 
system arranged thus, due to the above effects, some experiments 
were carried out on Set 10 at Teddington. The experiments 
consisted in carefully screening the whole of the receiving amplifier 
with its associated filament and anode batteries. The screen was 
formed of a large box of tinned iron sheet, about 0-032” thick, 
and provided with a well-fitting lid overlapping three or four 
inches. All joints were carefully soldered over, two small holes 
only being used for entry of the leads from the tuner box, and 
for the bringing out of the telephone cord. Such a box had been 
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found in the experiments on -screening mentioned in the last 
section to be very effective at radio frequencies, and could only 
be made more perfect by metallically sealing on the lid. Daily 
observations were made with this screening box in position on 
various transmitting stations over a period of two weeks, and the 
results were compared with exactly similar observations taken 
over a period of ten days before and after this period with the 
screening box removed. A large number of readings were taken 
in the course of the experiment, and a summary of these taken in 
the daytime is given below in Table 4. 


TABLE 4.—OBSERVATIONS OF BEARINGS MADE TO SHOW THE 
EFFECT OF SCREENING AMPLIFIER AND’ BATTERIES 


Without screen- | With screening | Differ- 


j ing box. box. ence 
Transmitting | Wave- due 
Station. length. to 


No. of | Mean | No. of | Mean | screen- 
observa-| observed) observa-|observed| ing. 
tions. | bearing.| tions. | bearing. 


(km.) (deg.) (deg.) | (deg.) 
Budapest 3-0 20 99-0 6 OS Fl O23 
Chelmsford 3+8 95 57°7 46 Riot ie O-G 
Coltano 4-2 30 | 182-0 3°) 132-0 0-0 
Paris (UFP) 2-4 69 | 145-0 37) ch 144+8 + opie O52 
Nauen .. 3-9 11 77°3 12 7633 cl ae 
Paris (FL) 2-6 | 118 | 145-0 72 | 145-0 0-0 
Paris (FL) 3-2 10 | 144-5 Feet 44 -4e = 4 
Poldhu .. 2-8 Pie ebb, 30° |'249°4 | 4 0-2 


It will be seen from this Table that usually the effect of intro- 
ducing the screen is small, though quite definite; but in one 
case the resultant change in apparent bearing was as much as 
1°. The corresponding readings taken at night show such large 
variations among themselves due to causes external to the receiver 
that the small changes due to the screening are completely masked. 

Since, however, the above Table indicates the means of several 
sets of daily observations, the results given will be practically 
independent of small errors of observation. 

While part of the small difference given above may be due 
merely to the presence of the metal box near the coils, some 
experiments to be described later show that the effect of the box 
only becomes appreciable when placed within 4’ of the coil. In 
particular, the error of 1° obtained on Nauen could not be accounted 
for in this way. 

_ These results show, therefore, that where a direction-finder is 
required to give bearings accurate to within less than 1°, it is 
essential to screen as completely as possible the receiving amplifier 
and its associated batteries. Alternatively, the reactive effect 
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of the amplifier transformers will be reduced by removing the 
amplifier to a greater distance from the coil than has been adopted, 
but this will increase the length of the necessary leads and the 
error due to their direct “ pick-up ”’ effect. 


(z) Operator’s errorvs.—The observers obtained at the various 
installations were usually post-graduate students or junior 
members of the staff of the University, the Professor of Physics 
undertaking the general supervision of the observations at each 
station. | 

As far as possible one observer carried out the observations 
over the whole period, but in a few cases two observers shared the 
duties. In either case the observers at each set remained un- 
changed for long periods, and it was found that, with good experi- 
ence and practice, no personal error could be detected between 
the different observers. 

The general result of the work, however, has been that, with 
two observers of equal experience at this particular direction- 
finding work, the personal error is mz/. On consideration of the 
method of observation, it will be appreciated that this is the 
result to be expected. For the chief difference between two 
persons on a method employing aural reception concerns the 
inequality in the sensitivity of their ears. In the present work, 
no measurements are made which depend upon the absolute 
sensitivity of the ear, but only upon the ability of the ear to 
distinguish a change in intensity of the note received. It would 
be expected, therefore, that while the angle of the balance over 
which no change in intensity can be perceived might vary with 
different observers, the actual mean position indicating the direc- 
tion required would be unaltered. This is exactly the experience 
of the author in the practical working of direction-finding sets. 
An observer entirely new to the work can obtain a fairly correct 
bearing, but the sensitivity or angle of variation for detection of 
out-of-balance may be poor—say, 1° or 2°. With constant practice 
in making daily observations, this sensitivity is reduced in the 
course of a month or so to something of the order of 0-5° or less 
under suitable conditions. The constant practice, moreover, 
results in a great reduction of the time of determination of the 
balance, and this factor makes for additional accuracy in the 
bearing obtained. 

These results confirm the conclusions arrived at by Holling- 
worth in his experiments on the sensitivity of the ear to the 
reception of buzzer signals, as described in a paper to which refer- 
ence has been previously made ®. Owing to there being a range 
of optimum signal strength for the sensitivity of observations, an 
observer with a very keen ear does not possess a great advantage 
over one with a less sensitive ear, for, except with very weak 
signals, the latter observer may adjust the signal strength to 
the best value by means of the receiving amplifier. 

Even in cases where the observer is fatigued by continued 
watching or from other causes, the actual bearing is not much 
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affected, but the sensitivity of the observations may greatly 
decrease. It is not considered, however, that an observer can 
continue to take observations for more than two hours at a time 
without endangering the accuracy of the readings. Another 
effect of fatigue has been noticed in the case of listening to fairly 
loud signals ; a period of several seconds must elapse before the 
ear has regained its sensitivity for very much weaker signals. 


Although the usual sensitivity obtained in the determination 
of bearings is from 0-3° to 0-5°, successive readings at short 
intervals often agree to 0-1° to 0-2°, indicating that the mean 
reading of the bearing obtained is correct to within these limits. 


This section thus provides experimental confirmation of the 
reliability of the individual installations to their rated value, viz., 
1°, the actual instrumental error involved being often not greater 
than 0-5°. The later sections will show that an attempt to 
obtain a higher instrumental accuracy is not at present justified 
owing to the existence of much larger errors external to the 
apparatus. 


(4) Errors of Local Conditions on Direction Finders 


Various experiments have been carried out during the last 
two years on the effect of local conditions such as metal-work, 
overhead wires, trees, etc., on the readings of direction-finders. 
These experiments showed that some very large errors, ranging 
up to 22°, can be produced by the proximity of such obstacles, 
and emphasise the importance of exercising care in selecting a 
suitable site for a direction-finding installation. 

As all these experiments have been described in detail in 
previous publications, it is considered unnecessary to do more 
than provide the references here‘. 


Further remarks will be made on these effects in considering 
the actual results of the general investigation. 
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SECTION II.—STATEMENT OF RESULTS OBTAINED TO 
MARCH, 1922 


(5) Statement of Results 


THE observations in the general investigation were originally 
made during three daily working periods, which were varied 
in a four-weekly cycle as follows :— 


Ist week 08.00 to 09.00 13.00 to 14.00 17.00 to 18.30 
2nd week 09.00 to 10.00 14.00 to 15.00 18.00 to 19.30 
3rd week 10.00 to 11.00 15.00 to 16.00 19.00 to 20.30 
Ath week 11.00 to 12.00 16.00 to 17.00 20.00 to 21.30 


After the first three months terminating on May 30, 1921, 
these periods were altered as follows :— 


Morning Period. Evening Period. 


Ist week ... 08.00 to 09.30 16.30 to 18.00 
2nd week ... 09.00 to 10.30 18.00 to 19.30 
3rd week .... 10.00 to 11.30 19.00 to 20.30 
Ath week... 11.00 to 12.30 20.00 to 21.40 


With the exception that the last evening period was later 
altered to terminate at 22.00, this programe of the periods of 
observation has been maintained up to the end of the period 
dealt with in this part of the main report. 

During the period of the general investigation covered by the 
present report, the number of results collected for reduction, 
after a critical examination in which all inaccurate and doubtful 
readings were neglected, is over 41,000. In addition to these, 
several thousand observations have been made during special 
tests at various times throughout the investigation. 

The distribution of these results among the places of observa- 
tion is shown in the following table :— 


Station. Total number of observations 
collected to 
4th March, 1922. 


1. Aberdeen ... it ; 3233 
2) DaneOr. eens ay ve! 4,898 
a) De tasts ee ae me 1,091 
4. Bristol oe a ZY, 6,705 
5. Cambridge ee at 908 
6. Leeds ay. pe ie 1,670 
7. Newcastle on Ue 9918 
5. Peterborotigh +28 oe 3,019 
Oaiotel or 1., ey ae 1300 
10. Teddington Rei io 8,129 
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The abnormally low number of readings obtained at a few of 
the stations is accounted for by the fact that these were not in 
operation during the whole period, owing to change of observer 
or other conditions. 

These results have been arranged first in. weekly tables, 
showing the extreme and mean bearings obtained for each week, 
for the various periods of transmission where these are at all regular, 
and for morning and evening periods in the case of irregular 
transmissions. 

While it is impracticable to reproduce here these weekly 
tables, the number of which exceeds 350, it is considered to be 
useful to give the following summaries for the whole period in 
Tables Nos. 5-14. 

It may be remarked here that throughout the report all times 
are recorded in G.M.T., and all bearings are in angles (0°-360°) 
from geographical north. For the values of true bearings and 
distances of all transmitting stations these were, in general, 
calculated from the geographical position of the station. In 
the case of certain Eastern European stations information 
upon the geographical position was not available, and resort 
was had to the position of the town after which the station is 
named. In these instances, therefore, the “true” bearings 
may be as much as a degree in error. Even with the former 
stations, the geographical position recorded in different publica- 
tions varies slightly, leading to some uncertainty in the calculated 
bearing. In general, however, these bearings are correct to a 
tenth of a degree, and in all possible cases they were checked from 
a gnomonic chart. 

All the results recorded were taken on ordinary spark receivers 
without heterodyne, such C.W. signals as are mentioned being 
detected by the modulation or impurity of their wave-form. 

The distribution of the observing stations and of the trans- 
mitting stations which have been utilised in this investigation 
is shown on the gnomonic chart (figure 41). 
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| 
(6) Specimen weekly summary sheets 


As a specimen of the weekly summary sheets from which the | 
above tables are obtained, the sheets for the observation of | 
bearings of Poldhu at the morning and evening transmissions, at > | 
both Teddington and Newcastle, are given below (Tables 15-18). | 
On these sheets the standard deviation of the individual observa- 
tions from their weekly and annual mean is also given: Although - 
this figure clearly indicates that the extent of variation of the 
observed bearings may give an entirely false impression of the| 
magnitude of the normal error, it was not considered to be of 
sufficient value to justify the great labour involved in the calcu-_ 
lation of this quantity for every set of observations. It is inter- | 
esting to note, however, that the standard deviations of Poldhw’ s| 
bearing at Newcastle and Teddington are 3-5° and 4-3° respec- 
tively at night, while the total variations observed are 32-5° 
and 38-3°. By day the corresponding deviations are 0-5° and 
total variations are 5-2° and 3-7° respectively. 

In column 3 of these tables the ‘‘ accuracy ”’ of the individual 
observations is given, using the notation I, II and III]. An 
accuracy I indicates that at the time of taking the bearing the 
displacement of the coil system necessary to disturb definitely 
the balance of signal strength is less than 1° on either side of the 
mean position, which is the bearing recorded. In the large 
majority of cases observations recorded to an accuracy I were 
well defined to 0:5°, and with some signals under favourable con- 
ditions an accuracy of 0-2° is obtained. It should be emphasised 
that, at accuracy I, the total angle of swing of the coil system, 
while still retaining a balance of signal strength, is less than 2°, 
but the reading recorded, which is midway in the angle of balance, 
is probably an accurate observation of the apparent bearing to 
the order of 0-2° or 0-1°. ‘Corresponding remarks app 
the notations II and III referring to displacements of 1° to 2°, 
and 2° to 3° respectively. No numerical observations were 
taken when the “ accuracy ”’ was observed to be greater than 3°, 
a suitable note being made as to the cause of such low accuracy 
which might be due to either weak signals, interference from 
signals or atmospherics, or the existence of an excessively flat 
minimum. This fact is very important in analysing the tabulated 
data accompanying this section, since with an extreme displacement 
of the system of 3° or less for the determination of the balance 
position, an observational error of a greater order than 1° is 
practically impossible, neglecting the few cases in which a mis- 
reading of the scale by 5° or 10° is made. 
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TABLE 15.—OBSERVING .STATION—NEWCASTLE 
Transmitting Statton—Poldhu ; Time, 09.30 and 09.50 ; 


A = 2-8.km. Spark. 


30 


Ex- 
Week No. of treme Mean Total 
ending. | observa-} Accuracy. | bear- bearing. | varia- 
tions. ings. tion. 
3 (deg.) (deg.) | (deg.) 
12.3.21 Byfll EeRbA(T | M2083 Visine 9 [oe ira 
reading || 205-7 
7 at IT) 
16.4.21 9 | LIE (4 at] [205-5 
I) nor 208s taboo 
521 eed eon viavebds1 | 0-8 
eet 17 (| 1 ape OL 205-8 | 0-3 
621 |. 14 4 508-7 Y 205-9 | 0-3 
11.6.21| 15 |I@at }f 2065) | 
i sein zope | 1-5 
Sea). 17° | I + 508-8 206-0 | 0-9 
e720) 16 || I 308-5 Y 205-8 | 0-5 
30.7.21| 22 |1 {508-3 y 205-6 | 0-6 
i oe 4508.0 > 205-6 | 1-0 
97801) 21. | I Jase ee ANBOR TTL 1 45 
Sos) 28. | i as 1 2054] 205-8 | 0:6 
249.21) 21 |1 x 08.3 205-5 | 0-5 
mine) 25 =| 1 sony 205-6 | 0-5 
: Tit ayaa ae 
22.10.21; 25 |1 20.6 f| 205-9] 0-6 
29.10.21 | “21 ‘| 1 04.8 205-9 | 1-7 
istre | 19 | 1 308-1) 206-2} 3-6 
208:0 9 { 5 
26.1121} 14 | 1 308.4} 206-7 | 324 
ie | ie | 1 Mewes 205-7 | 2-4 
ei2 2) 11 || 1 08:8 f 205-5 | 3-6 
14.1.22 eres ott 206-0 | 1-5 
21.122) 15 |1 c 4 508.7 5 206-0 | 0-9 
f 207-1) . 
18.2.22| 10-|1 .-|4 505-8} 2065) 1:3 
Whole 358 at 1 | 208-7 Te a9 
Period ee Bee { 7 atdT 303.5} ar te : 


True bearing = 205-6°. 


Error of mean = +0°3°. 


Maxi- 
mum 
devia- 
tion 
from 
mean. 


(deg.) 
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+ + 
Sees = 
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“ty ‘| | 
Ours pal at eet ah a eed = = 
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Total Variation = 5°2°. 
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TABLE 16.—OBSERVING STATION—NEWCASTLE 


Transmitting Station—Poldhu; Time, 21.30 and 21.50; 
Ne 2+Sikm. Spark. 


Maxi- Stan- 

Ex mum dard 

Week No. of treme Mean Total devia- | devia- 
ending. | observa-| Accuracy. | bear- bearing.| varia- tion tion 
tions. ings. tion. from from 

mean mean 


30.4.2] 9 de son ee) Gee) | ee 
A. ete eo Ae 202:3| 2-0 | = da qe 
285.21} 15 | 1 ..| 206-0 ve 
cota r| 205°) | 2:8 | = 0a 
O56 81 to) Md ..| f 206-8 | 
ses eh 206-1 |. 1:3) | he ies 
ps7 et 16 A Tat 210-0 
4 on0.0 wh 2080 |. 8:0, || 52) ne 
20.8.21 8 Titer 211-5 | ; 
+ a1i-oy) 21-3] 0-5 | — 0-3) 0-2 
17.921 4h 020 ol TATED dieiere | 
| at II, 203-6 | 21-5 | +12-9| 5:5 
2 at III) | | 195-0 J 
TG MO2T Hh a0. We LETTE (205-79 
(2 at IL, 204-4). 5.7 |. + 4.40 sag 
| 2 at I1Z) | [200-0 
PATOL ow Ween 216-0 . 
(6 at I) 08.0 > 212-2 | 10-0 | — 6:20) gana 
AQ12.2104 0) 15 fA et a0 (204-54 
(5 at IL, 196-:7,| 20-5 | ~12-7iaameee 
I at III) | | 184-0 
7.422 \\od2” WV diab Ti @hireo7 ae 
9 at IL, {1} 903-5 | 8.2 | — 4:5) 
2 at III | | 199-0 J 
42.92} 23 | 10atl, | (208-57 
12 at II, 202-5.| 15-5 | — 95 | ane 
1 at IIE | | 193-0 
43.22 10.45 || 4atl, 4213-07 
8 at II, 204-9 | 12-0 | 4 Saiuees 
3 at IIL | | 201-0 
103 at I, | ¢ : 
ae 172 | 58at It, ee 04:6 | 32-5 | —20:69) lee 
a 11 at 1r| \} 
True bearing = 205:6°. Error of mean = —1:0°. Total variation = 32:5°. 


Difference of means ; Night to day = —1:3°, 
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TABLE 17.,—OBSERVING STATION—-T EDDINGTON 


Transmitting asain aeolant > Time, 09.30 and 09.50; 
Nigel, Spark, 


Maxi- Stan- 

Ex- mum dard 

Week | No. of treme | Mean Total devia- | devia- 
ending. | observa-| Accuracy. bear- | bearing.| varia- tion tion 
: tions, ings, tion. from from 
mean. | mean. 


(deg.) (deg.) (deg.) (deg.) deg.) 

Mei 18) kia I 20-1 f a0. Hoey het 0. 0.OR6 
12.3,21 6 I 249-0 + gsorat) ‘ito | iL 1-31.89 
16.4.21| 17 I soa }| 249-9] 1-2 | +09] 0-3 
7.5.21 7 I egy t| 249-7 | 153 | 0-8} © O65 
14.5,21 6 I sao.9 t| 2496] 1:0 | — 0-6] 0-3 
28.5.21 4 I { 549-1 249:7| 0-9 |— 0-6] 03 
46.21] 13 I { 549-0 46-6) ks tad licks Osan s0nd 
11.6.21| 15 I Pee ered) ZT fab EF ik i 0ns 
27.21] 21 I Sieg t| 249-2] 0-9 | 40-5] 0-3 
30.7.21 | 25 I sone }| 249-3| 1-7 | — 0-8] 0-4 
ee sano b| 249-3] 1-2 | ~ 0-7] 0-4 
22.10.21 | 23 I sent] 2493] 11 | + 0-6} 0-3 
29.10.21 | 19 I Fagen Fp N2dOe8 {* 1-5. | — 0-9 | bn Ord 
19.11.21 | 24 I a 249-0] 2-4 | 41-2] 0-7 
26.11.21} 7 I Bee Yh PAO Rute Bat i Toh ONG 
17.12.21] 18 I aeein yr. 220-One aren 2-H) O57 
24.12.21 | 13 I pouy b] 249-6 | 2-3 | + 1:4] 0-4 
14.1.22| 18 I OO) Mors) 1:0 | & 0-5] 0-8 
21.1.22| 15 I seo FL] 249-6] 1-7 | + 1-1] 0-8 
182.22 | 13 I 350.3 Shy Ga Ge y| pet OS Fu) O94 
Whole \ 295 I { 547-8 249-4 Sap Hee SO 0-5 


True bearing = 247-9°, Error of mean=+1-5°. Total variation =3:-7°, 
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TABLE 18.—OBSERVING STATION—-T EDDINGTON 


Transmitting Station—Poldhu; Time, 21.30 and 21.508 
Ate 2-8 kimioSparkene 


(1) (2) | (3) | (4) | (5) | (6) | (7) 


Maxi- Stan- 
Ex- | mum dard 
Week No. of treme Mean Total devia- | devia- 
vending. | observa-| Accuracy. bear- | bearing.| varia- tion tion 
tions. ings. tion. from from 
mean. | mean. 
(deg.) | (deg.) | (deg.) | (deg) | (deg) 
26.2.21 A Hig I 1233-0 242-2 14-9 — 9-2 4+4 
- 26.3.2] 5 I (1 at 251*2 | ‘ ; . 7 
Il 237-5 f 245-0 13-7 — 7:5 6-0 
.30.4.21 11 I-II (3 at | f 252-4) ‘ f : t 
II) 1239-9 f 246-0 12-5 + 6:4 3°5 
250-5 : ¢ 
28.5.21| 14 I { 547-8 249-2 || 3-0 .| 2 a7 anaes 
_25.6.21 19 I (1 at Jf 249-7 : 3 ees: ‘ 
it { 547-5 + 248-9 | 2-2 1-4 2.027 
| | DART Nee 
23.7.2] 22 I 243-3 f 246-3 5:4 — 3:0 1-3 
) 1¢ J 248-0) kocas ; 
20.8.21 16 I | 236-7 243-2 11-3 6°5 3°2 
24 ) Jf 265-0 tt g: 
42:11.21 11 I 249-5 257-6 15:5 8-1 5°7 
; aie 250-0 ‘ 4 ; 
10.12.21 15 I 047°7 249-1 2°3 — 1-4 0-7 
f 250-5 ‘ : rH : 
Fl 2am. Fee I ee 242-0.|} 23-8 15-3 6-2 
4.2.22 21 I (1 at 258-7 ; 3 : 
| Il) We 250-4 14-1 + 8:3 4-7 
ae 252°3 
4.3.22 22 I 231-6 f 245°7 | * 20°7 —14-1 6-7 
Whole, ba noe 184 at I, | 265-0) ; 
“Period 190 Grr 226-7 f 246-4 38-3 —19:7 4°3 
True bearing = 247-9°.' Error of mean = —1-5°. Total variation esa. 
_ Difference of means: Night to Day = — 3°-1°. 


SECTION IIIT— DISCUSSION OF RESULTS —DAY 
OBSERVATIONS 


(7) Permanent Deviations 


THE first noticeable point in the results summarised in the 
foregoing tables is that the mean observed bearing of a transmitting 
station from a receiving station usually differs from the true bearing 
by an amount which ranges up to as much as 15°. The second 
point to be noted is that the range of variation of the observed 
bearings is in general very much greater in the evening periods 
‘than in the morning periods of observation. From this latter 
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consideration it would appear that the mean of. the morning 
observations is subject to less error than the mean of the evening 
observations, and the former will accordingly be used in the first 
consideration of the “ permanent deviations,’’ 7.e., the difference 
between the mean day bearings and the true bearings of the 
various transmitting stations. Previous general experience has 
shown that these permanent deviations are usually local to the 
receiving station, and it will, therefore, be most convenient to 
discuss them for each receiving station individually. It has 
already been shown in Section I (3) above that at Teddington the 
possible instrumental error is of the order of 0-5° and certainly 
not greater than 1°, this installation being taken as typical of the 
remainder. 

(a) Aberdeen (Table 5).—This station is observed to possess 
the largest permanent deviations of any of the group ; the differ- 
ence between day mean and true bearing varying from — 12-4° 
to + 14-9°. A graph showing the relation between the permanent 
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deviation and the true direction of the incoming waves is given 
in Fig. 1. The fact that the points so plotted result in a smooth 
curve indicates that the deviation is due to local conditions at 
the receiver. The majority, if not all, of this deviation has 
already been shown to be due to a long iron plate beneath the 
ground and supporting a sewer duct, over which the direction- 
finding installation was inadvertently erected. This matter has 
been fully reported on in a previous publication (see Ref. 5). 

(6) Bangor (Table 6).—Large permanent deviations, ranging 
from — 11-9° to + 12-9°, are also experienced at this station. 
A graph of the deviations on the same basis as formerly gives a 
very irregular curve, which probably indicates that the whole 
of the deviation is not due to one cause. An effect that obviously 
contributes to the irregularity is the comparatively large change 


44 VARIATIONS OF APPARENT BEARINGS 


in the error with change in wave-length, as will be seen from — 
Table 6. 

It will be noticed that, with the exception of Nauen, the 
observed error decreases with increase of wave-length. With 
Nauen there is a change from damped to undamped waves accom- 
panying the change in wave-length, so that the comparison is not 
quite a rigid one. In connection with these permanent devia- 
tions it is to be noted that the variations observed in the day- 
time at Bangor are in general larger than those observed at other 
stations. . 

While the exact cause of these errors at Bangor is not quite 
clear from the results, the local conditions at the site of this 
station probably account for them. The hut containing the 
direction-finding set was erected on slightly sloping ground a 
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short distance from a small cliff above the seashore. A line of 
telegraph wires passed along below this cliff at a distance of 
about 80’ from the hut, and there were several small trees within 
a short distance. Also the surrounding district is very moun- 
tainous, particularly to the South and South-West. Another 
feature of the Bangor station which should not be neglected is 
that it was only 9:7 miles from the Carnarvon radio transmitting 
station. As this station uses a wave-length of 14-4 km., the 
direction-finder was little more than one wave-length from this 
high-power transmitter. Some curious effects resulting from the 
reception of signals from Carnarvon when the latter was using the 
timed-spark system have already been noted (see p. 9 and Fig. 2), 
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In view of these complex circumstances it has not been considered 
~ useful to investigate the permanent errors of the Bangor station 
in any further detail. 


(c) Belfast (Table 7).—The permanent day errors at this 
station range up to 4-7° and are fully accounted for by the fact 
that the set was erected on the roof of a building immediately 
over large iron girders. 


(2) Bristol (Table 8).—At this station the permanent devia- 
tions range up to nearly 4°, and it is to be observed that in several 
cases there is a change in the error with change in wave-length. 
The installation at Bristol was erected on the top of a stone tower 
about 60’ above the ground, and practically on a level with 
several large trees surrounding the tower. Experiments carried 
out on this site have shown that these trees may easily account 
for the errors observed, and that moving a direction-finding set 
about amongst the trees may produce changes in the error amount- 
ing to nearly 9° (see Ref. 5). 


(e) Cambridge (Table 9).—The site at this station was con- 
sidered to be very good, it being on flat country free from trees, 
buildings, overhead wires and other obstructions for a distance of 
at least 600’ in every direction. The number and variety of the 
results obtained from this station are, unfortunately, very few, 
but those tabuiated show that the permanent day deviations 
observed are, in a few cases, slightly in excess of the possible 
instrumental error. In the circumstances, these deviations can 
only be put down to the cause of the variable errors experienced, 
which, it will be noted, are much greater than the error of the 
mean, and which will receive further consideration. 


(f) Leeds (Table 10).—Here, again, the site was admittedly 
not a good one, the set being erected at the top of a brick tower 
with iron supporting structure and an iron spiral staircase. These 
conditions would easily account for the 3° or 4° of permanent 
errors experienced. It is to be noted that, at this station, the 
variations in the day observations are somewhat unusually small. 


(g) Newcastle (Table 11).—Several of the permanent deviations 
observed at this station are in excess of the instrumental error, 
and most of them are seen to be subject to change with change in 
wave-length. As the local conditions surrounding the set at 
Newcastle were very good, and it would be difficult to ascribe such 
errors to them, the cause must be sought elsewhere. As in the 
case of Cambridge, it is to be concluded that the origin of these 
errors is the same as that of the variations, which are of much 
greater magnitude, even in the daytime. 


(h) Peterborough (Table 12).—At Peterborough the site was 
again very good except for the existence of some receiving aerials 
and loops in the vicinity. These, however, were always tuned to 
much higher wave-lengths than those in the present observations, 
and it is interesting to note that in this condition the aerials did 


46 VARIATIONS OF APPARENT BEARINGS 


not add materially to the errors of the direction-finder—a fact 
which confirms previous experiments on’ this point (see Ref. 5). 

(2) Slough (Table 13).—The site at the Slough station was con- 
sidered to be very good, being on very flat ground in an open 
field. With the exception of some power lines about a quarter of 
a mile away, there were no buildings or metal work of any descrip- 
tion within a radius of over half a mile. The actual direction- 
finder was 300 to 400 feet from the nearest clumps of trees, 
which, however, were fairly extensive in the neighbourhood. In 
view of these facts it is significant that in one or two cases the 
permanent error of observed bearings is appreciable, although 
less than 2°. 

(7) Teddington (Table 14).—Considering the local conditions 
surrounding the direction-finder at Teddington, the errors of the 
mean day bearings are remarkably small. The set was here situated 
within 30 feet of large masses of trees, which extended for over a 
mile in some directions, and these trees should undoubtedly have 
had some effect upon arriving waves. The choice of the position of 
the set to keep the errors small had, in fact, been shown to be fairly 
critical, a change in position by one or two hundred feet producing 
a change in bearing of over 9° (see Ref. 5). 


(8) Change in bearing with change in wave-length 


In the foregoing discussion it might appear that the writer 
has too easily assumed that some errors are not applicable to the 
instrument. This attitude, however, receives support from the 
behaviour of the error observed on transmitting stations using 
more than one wave-length. Since the receivers were identical 
and were erected in the same manner, it is reasonable to assume 
that the instrumental errors were of the same order. The preced- 
ing tables show, however, that the difference in the error on two 
wave-lengths varied for different receiving stations over several 
degrees. It is also to be noted that where large differences were 
obtained, they frequently occurred for several transmitting 
stations at the same place. 


(9) Variable errors. (Magnitude of errors observed) 


In addition to the systematic errors of the mean observed 
bearings taken, the tabulated summaries above show that quite 
appreciable variations in the observed readings take place in the 
day periods. While these variations are always quite small 
compared with those obtained in the evening periods, the results 
obtained to date are so numerous and so confirmatory for the 
different receiving stations that they prove beyond doubt the > 
existence of variations in observed bearings in the daytime. 
While the readings on the whole show an extreme departure from . 
the mean of 3° to 4°, corresponding to a total variation of about. 
7°, there are several cases of much larger variations, details of - 
which are extracted in the following Table, No. 19 :— 
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TABLE No. 19.—SHOWING DETAILS OF THE ‘“‘ DAY ’”’ VARIATIONS 
EXCEEDING 7° 


1 | u | 3 | 4 
Transmitting Receiving Range of 
Station, Station. variation. Remarks. 
(degrees) 
Aberdeen, C.W. | Bangor 5 203 Largest variations about | hr. 
after sunrise on 19.11.21. 
eae of ss Newcastle .. 10°5 Errors distributed. 
| Largest variations within 
Cleethorpes, ,, Bangor a 14:4 \ 1 hr. after sunrise. Same 
“i ,, | Bristol a3 15 ) week at both receiving 
| stations. 
oe wo Newcastley 4. 9°3 Experienced just after sun- 
rise. 
Clifden ‘é ‘ pie 7°5 Errors distributed. 
fis ‘, Peterborough 8-0 “i PP 

Chelmsford ,, | Teddington .. Leo Errors distributed, but 
greatest about 1 hr. after 
sunrise. 

é » |Slough meer 11-9 Greatest about 14 hrs. after 
sunrise. 

Horsea ». | Cambridge... 10°5 Noon observations, 

Karlsborg, S. ..| Aberdeen =e 14-0 Errors distributed, but read- 
ings of low accuracy. 

ie re Bangor mn 7°9 Faint signals several hours 
after sunrise. 

ei A Newcastle... 10-2 Greatest errors about 2 hrs. 
after sunrise. 

Nauen Bangor ri 11-3 Noon observations. Sudden 
change in bearing of over 
aon 15:10.2b net dhe pto 
change in wave-length. 

va re Cambridge .. 47o Noon observations. 
é CWei Newcastle’ .. boo Greatest errors within | hr. 
after sunrise. 

Paris, S. | Bangor A ae) Largest variations obtained 

at 4 and 1 hr. after sun- 

rise. 
* Pe Leddineten — .: 7h Largest variations obtained 
within 1 to 14 hrs. after sun- 

Poldhu o> 4 Cambridge oi: . 7°5 rise. 

, Observations 5 hrs. after 
sunrise. 


From this table it is seen that the majority of these abnormally 
large day variations have occurred within about an hour after 
sunrise, and they may, therefore, reasonably be attributed to a 
residual “‘ night effect.’’ There are, however, one or two instances 
of variations, even as great as 14°, occurring. several hours after 
sunrise. As the majority of all the observations have an accuracy 
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of less than 1°, and in no case of greater than 3°, it appears to be 


impossible to attribute these variations to instrumental or observa- 


tional errors, although it is to be admitted that, in a few isolated 
cases, a misreading of the scale by 10° is possible. While the 
effect of interference in giving a false bearing on weak received 
signals is not to be neglected, the ordinary “spark” signals 
‘received from such stations as Paris, Nauen and Poldhu are so 


strong, at any rate in the South of England, as to render inter- 


ference errors quite negligible. 


(10) Weekly variation curves 


\ 


In Figures 3 to 8 are shown plotted the extreme bearings 
observed at various receiving stations over periods of one week of 
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O EEKLY EXTREME BEARINGS OF PaRIs {DAMPED 
WAVES, A = 2:6 KM.), AT THE 08.15 TRANSMISSIONS. 


the different transmitting stations having a definite time of 
transmission daily. Full details as to date and time, etc., are 
given on the individual diagrams, and the majority of the observa- 
tions plotted were recorded to an accuracy of I (7.e.,1°), although 
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in a few cases of weak signals, such as Horsea at Newcastle (with- 
out heterodyne), and Poldhu at Aberdeen, the accuracy was 
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Fic. 4.—Grapus oF WEEKLY EXTREME BEARINGS OF Paris (DAMPED 
WAVES, A = 2:6 KM.) AT THE 09.20 AND 11.00 TRANSMISSIONS. 


reduced to Il and III. Referring to these diagrams, the following 
points may be noted :— 


(a) In general the extreme values of a week’s readings differ 
by from 1° to 2°. 


(0) At intervals, more frequent at Bangor than elsewhere, the 


extreme bearings over a week may differ by larger 
amounts up to 7°. 
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(c) The extreme values from one week to another occasionally 
differ by a much greater amount than the general 
weekly variation. Here, again, Bangor provides the 
most marked instances of this effect. 

(d) There appears to be no seasonal variation on any trans- 
mitting station where the observations are made well 
after sunrise. The spreading of the observed bearings 
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Fic, 5.—GrapHs OF WEEKLY EXTREME BEARINGS OF PaRIS (DAMPED 
WAVES, A = 3:2 KM.) AT THE 11.00 AND 12.00 TRANSMISSIONS. 


of Poldhu at Bangor, Newcastle and Teddington during 
November and December is quite marked (Fig. 7). 
As the time of transmission during this period was 
from one to two hours after sunrise at Poldhu, this 
may be attributed to a persistence of ‘“ night effect,” 
being additional to the evidence furnished in Table 
INOmaLS: | 
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(e) In the diagrams under consideration there is no similarity 
in the curves of variation either of the same trans- 
mitting station at the different receiving stations or 
of different transmitting stations at the same receiving. 
station (excepting the effect noted in (d) ). 


The very much greater frequency and magnitude of the varia- 
tions observed at Bangor is somewhat remarkable, and is possibly 
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Fic. 6.—GRAPHS OF WEEKLY EXTREME BEARINGS OF NAUEN (Goampes 
WAVES, A = 3:9 KM.) AT THE NOON TRANSMISSIONS. 


due to varying local conditions, which may account for the “ per- 
manent ’”’ errors referred to in (7) (0) above. The most noticeable 
effects are the sudden changes in the bearings of Nauen from 
March to May and from September to October (Fig. 6), giving a 
total change in the mean day bearing of Nauen of nearly 10°. 
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These were not accompanied by any similar changes in the bear- 
ings of Paris and Horsea, during the same weeks (Figs. 5 and 8). 
The gradual increase in the bearings of Horsea from February to 
April was accompanied by a fluctuation but not a steady change 
in the bearings of Nauen at the same period. The bearings of 
Paris, on the other hand, remained comparatively constant 
during this time, but they were subject to changes later (December 
to February). 
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Fic. 8.—GRAPHS OF WEEKLY EXTREME BEARINGS OF HorsEA (UNDAMPED 
WAVES, A = 4:5 KM.) AT THE NOON TRANSMISSIONS. 


(These observations were made without the use of Heterodyne 
Reception.) 


Quite apart from the variations discussed, many of the curves: 
under consideration, and especially those in Figs. 4, 6, and 7, 
demonstrate in a striking manner the great constancy of regular 
observed bearings for certain periods extending over several weeks, 
or even months. In many of the cases included, several hundred 


54 VARIATIONS OF APPARENT BEARINGS 


observations have been made during from two to six months 
with an extreme variation from the mean of less than 1°. This 
provides an experimental confirmation of the conclusions arrived 
at in Section I, that these direction-finding installations operated 
by a trained observer under favourable conditions give observed 
bearings which are reliable to within 1°. With the exception 
possibly of a few cases in which the observer has made a mistake 
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in reading or recording the bearing, the errors of greater magnitude 
must, therefore, be taken as definite daytime variations, caused 
by some external influence, and these variations are discussed in 
greater detail in the succeeding sub-section. 

A further point demonstrated by the curves in Figs. 3 to 8 
is that the apparent variations observed are of the same order 
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for signals received direct from over the sea, ¢.g., Nauen to Aber- 

deen, as for the same signals received at an inland station. Ina 
similar manner the variations on signals arriving over sea from 
Europe are of the same order as those taken on signals transmitted 
entirely overland. 


(11) Daily variation curves 


In Figs. 9 to 14 portions of the previous Figs. 5 to 8, are 
given in greater detail, to show the extreme bearings observed 
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Fic. 10.—GrRapus OF DalILy EXTREME BEARINGS OF PaRIs (DAMPED 
WAVES, \ = 3:2 KM.) AT THE 12.00—12.30 TRANSMISSION. 


from day to day at the times given. In Figs. 9, 11 and 14 are 
shown the extremes of an average of five or six daily readings 
of the bearings of Paris, Nauen and Horsea respectively, equally 
spaced over half an hour’s transmission during the same periods 
of observation. These diagrams indicate that over this period 
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the observed bearings on any one day usually vary by only a 
fraction of a degree, a total variation of more than 1° being com- 
paratively rare. On the other hand, the readings taken from one - 
day to the next frequently show sudden changes of 1° or 2° and 
on some occasions greater amounts. These facts tend to show 
the improbability of instrumental errors being the cause of these 4 
variations, since such errors would be as likely to occur from one 
observation to the next as from one day to the next. 
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Fic. 11.—Grapus oF DAILY EXTREME BEARINGS OF NAUEN (DAMPED 
WAVES, A = 3-9 KM.) AT THE NOON TRANSMISSIONS. 


Concerning what may, therefore, be termed ‘‘ day variations,” 
the following points may be enumerated as deduced from the above 
diagrams :— . 

(a) The various stations observing the same transmitting 
station display no similarity in their variations. The 
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sole exception to this is found in Fig. 11, with the 
observations on Nauen at Bangor, Bristol and New- 
castle during April, 1921; and even in this case the 
corresponding effects at Peterborough andyTeddington 
were not noticed. 
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Fic. 12.—Grapus oF DAILY EXTREME BEARINGS OF NAUEN (DAMPED 
WAVES, \ = 3:9 KM.) AT THE NOON TRANSMISSIONS. 


(b) The bearings of different transmitting stations at any one 
observing station do not vary similarly from day to 
day. In Fig. 9 several examples are shown of the 
two wave-lengths of Paris giving different effects on 
the same day. 


Confirmation of these points is given in the curves in Figs. 10 
and 12, in which the sudden changes at Bangor are seen to be 
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day-to-day effects and unaccompanied by corresponding changes 
elsewhere. In Fig. 13 the daily extreme bearings of Poldhu are 
given for two periods in summer and winter respectively, the 
variations in the latter period being possibly due to a persistence 
of “night effect’ for about an hour after sunrise. 
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Fic. 14.—Grapus oF DalLy EXTREME BEARINGS: OF HorsEA (UNDAMPED 
WAVES, A = 4°5 KM.) AT THE NOON TRANSMISSIONS, 


(These observations were made without the use of Heterodyne Reception.) 


In Figs. 15 and 16 the results are plotted for various observa- 
tions made simultaneously at Slough and Teddington, two stations 
situated only 10 miles apart. In a few cases (e.g., Karlsborg, 
Fig. 16) there appears to be similarity in the variations occurring 
from day to day, but in the majority of cases the changes are quite 
independent at the two stations. 


(12) General conclusions on day variations 


The results detailed and discussed in this section, representing 
many thousands of readings by several independent observers, 
appear to establish definitely the existence of small but appreciable 
variations in observed bearings of transmitting stations at times 
which are spaced several hours from either sunrise or sunset. 
These ‘“‘ day variations ”’ take place slowly, there being no notice- 
able change during a half-hour’s observation, and they are most 
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clearly shown up by successive daily readings. The variations, 
moreover, appear to be entirely local to each observing station, 
although on some comparatively rare occasions the “local ”’ area 
includes two or more receiving stations at distances apart exceeding 
one hundred miles. 

These conclusions support the view that the day variations are 
due to some local influence, such as trees and, mountains, the 
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Fic. 15.—GRAPHS OF DAILY EXTREME BEARINGS TAKEN SIMULTANEOUSLY 
AT SLOUGH AND TEDDINGTON. 


(Morning observations only.) 


effects of which are subject to modification from day to day, 
possibly by meteorological changes. For example, at Teddington 
the permanent deviations of the day mean bearings could be 
ascribed to the surrounding trees, whose influence might easily 
vary after heavy rain. On this view, however, a much more 
definite seasonal variation might be anticipated than was actually 
observed. 
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| On a good site such as that at Newcastle, it is difficult to find 
an explanation of the variations or of the permanent deviations 
of the mean day bearings, but it seems very probable that these 
are due to the same cause. This fact again emphasises the great 
care which it is necessary to exercise in the selection of sites for 
direction-finding installations, and also shows the need for still 
further research on the effect of local conditions on these installa- 
tions. 
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Fic. 16.—GRaApPHS oF DAILY EXTREME BEARINGS TAKEN SIMULTANEOUSLY 
AT SLOUGH AND TEDDINGTON. 


(Morning observations only.) 


SECTION IV.—DISCUSSION OF RESULTS— 
NIGHT OBSERVATIONS 


(13) Systematic error of the mean bearings at night 


IN attempting to deduce some sort of order from the apparently 
chaotic variations of bearings observed at all stations during the 
night periods, a number of possible causes and effects have been 
investigated, each of which will be treated in turn. 


(B 34-1033)r c4 


62 VARIATIONS OF APPARENT BEARINGS 


A general survey of the summary of the observations taken 
in the evening periods, as recorded in Tables 5 to 14, shows that 
the apparent bearings of difierent transmitting stations during 
these periods vary over a range which sometimes exceeds 60°. 
In spite of this large variation, however, it is very noticeable 
that the mean bearings differ by quite small amounts from the 
corresponding mean bearings for the day periods. This difference 
between the day and night means may be termed the systematic 
error of the night observations, and the following Table No. 20 
gives a résumé of these errors for the cases in which 50 or more 
observations were made in both day and night periods. It is © 
not considered that a smaller number of observations gives a fair 
average reading for comparison. 


TABLE No. 20.—SHOWING THE SYSTEMATIC ERROR OF NIGHT 
OBSERVATIONS 


Systematic error 
Observing Transmitting (¢.€., Ciierence: Total night 
Station. Station. night mean —day variation. 
mean). 

(degrees) (degrees) 
Aberdeen ..| Aberdeen at — 0°5 1-8 
hes nh aris Oe, 0-0 4-0 
i qlialscayGbacbines + 0:5 8+7 
Bangor nl Clatdem nee. + 2°8 64°7 
m ..| Horsea + 1-0 DAS = 
ns ..| Karlsborg + 0:4 pease | 
ae Pelee aris ar + 0-7 26° 
oo Mp el ecelkallcybuyes + 1:3 18-0 
Bristol .| Aranjuez me — 0-2 11% 
id ..| Chelmsford cl + 0:5 17.30) 
i ..| Horsea + 0:3 133 
4 see aris ae + 0:5 17°4 
Me POL Lt ate, — 2-1 572 
Newcastle ..| Aranjuez — 0-4 5°6 
ce ..| Chelmsford + O-l 4-0 
Y moieCleethorpes + 0:7 12-0 
. LC Cheni a an + 0:2 33-0 
. ..| Horsea + 0-4 14°5 
. ..| Karlsborg + 1-9 23-0 
3 2: INICOhATeth + 1-7 12-8 
J fid\ aS) thee Le + 0-2 8:5 
, ty, Poldhitten” — 1-3 yA 
Peterborough | Horsea + 0:2 20-0 
" Paris ted — 0°5 VE 
- Poldhue — 1-7 22-0 
Slough .| Chelmsford + 0-9 14°6 
ke .| Karlsborg — 1:9 23 °Q 
Ae a aris + 0:2 5:4 
a TP Orinu. 45 — §-]* 9-2 
Teddington | Budapest + 1:1 1953 
a .| Chelmsford — 0-2 14-6 
a i Coltano 2! + 1-8 20°7 
a GeiPiglarc= th ee + 0-1 8:3 
if ..| Karlsborg — 1-9 23°6 
Pt 4 “Paris: (aL) As] 6°3 
| 2 )}Paris (Tr P) + 0:3 2273 
- 1 Peldhuw:. — 3-1 38:3 


eR 
* Less than 50 readings, but inserted for comparison with Teddington. 
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It will be seen that in the majority of cases the systematic 
error is small, and almost negligible compared with the large 
variations recorded. In a few instances, however, notably 
Karlsborg and Poldhu, there is a definite systematic error at 
several receiving stations, and, as shown in the further table 
(No. 21) below, there is a noticeable similarity in the sign and 
order of magnitude of this error for stations on approximately the 
same great circle from the transmitter. 


TABLE No. 21.—COMPARISON OF SYSTEMATIC ERROR WITH TRUE 


BEARINGS 
Transmitting | Observing irae Systematic 
station. | station. bearing. night error. 
| (degrees) (degrees) 
Poldhu ..! Bangor ~~ ae 193 + 1:3 
& ‘ ..| Aberdeen .. ts 196 + 0:5 
oe ive :.\ Newcastle . . avd 205 — 1°3 
a, Me 7h Stistol ny sls 231 — 2-1 
of bed ..| Peterborough és se 7 — 1-7 
5 oe ..| Slough se bt 246 — 5:1 
r 3E ..| Teddington LF. 248 — 3-1 
Karlsborg .. ..| Slough a at 46 — 1-9 
be 268 ..| Teddington cn 46 — 1:9 
2 ee ..| Bangor an Fine 35 + 0-4 
3 .| Newcastle .. a: 62 + 1-9 


These results would appear to show that for Karlsborg and 
Poldhu the systematic night error becomes zero for receiving 
stations situated on great circles corresponding to bearings of 
approximately 50° and 200° respectively on these two trans- 
mitters. For stations on either side of these great circles the 
bearings tend to be displaced in opposite directions at night. 
More results are required to confirm these conclusions and pursue 
them in any further detail. 


(14) Magnitude of night variations 


The magnitude of the variations in observed bearings is 
widely distributed among the transmitting and receiving stations, 
and in Table No. 22 the two largest variations recorded at each 
receiving station are extracted for comparison. 
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TABLE No. 22.—SHOWING THE Two LARGEST VARIATIONS 
RECORDED AT EACH OBSERVING STATION 


Observing station. Transmitting station, Variation. 

(degrees) 
Aberdeen .. 5 be] MGALIS DORE ATS: bi A 66-0 
¥ Be a ..| Moscow es oe ne 15-6 
Bangor ve aN so) Clitderm A an rs 64 +7 
3 a +4 ih (Che lLMSIOEG wa he a 46-1 
Belfast* by Ais act KRarisbore «rae ms ae 22°8 
m 13 sa ..| Moscow ne A is 18-0 
Bristol ~ ue ..| Poldhu og — = Fified 
7 aN te sat aris Dore). as se 47-7 
Cambridge* iy Sete Nant Oe Tw as ut an 38°5 
ah 2h ON | Poldhy oe he ik 23-0 
Leeeds* - be ile Cohaklo onder ents a ee ade 14-0 
i a A ..| Moscow Ve of be 11-0 
Newcastle .. a se amls DOre me se sn og 37-0 
7, es aie ..| Moscow as hs ae 34-0 
Peterborough an J Khatisborg ty. ay ips 30-0 
s +: uae SL Ome oi ap es 24-0 
Slough* a hs os | ARAM S DO «hi 125, os BS 23-0 
so Pe ae ..| Moscow Wis Mh 18-0 
Teddington .. ne: ..| Moscow se Ba oh 44°5 
ne a ..| Poldhu is sad ee 38°3 


33 


* Station not observing for whole period. 


This Table shows that while extreme variations are most 
prevalent in observing upon Karlsborg and Moscow trans- 
mitting stations over distances of the order of 700 and 1,500 
miles respectively, excessive variations also frequently occur 
with Poldhu at distances down to 150 miles. While frequency 
of observation may have some effect upon the maximum varia- 
tions recorded, this does not hold in many cases in which hundreds 
of observations have been made in the evening periods, showing 
only small or medium variations. It is also to be noted that the 
variations experienced were usually more acute at Bangor than 
elsewhere, possibly due to the mountainous nature of the country 
surrounding this station. 


(15) Relation of variations with the direction of transmussion 


With a view to ascertaining if there is any relation between 
the direction of transmission of signals over the earth’s surface 
and the magnitude of the variations observed, graphs have been . 
plotted for the different receiving stations. Owing to the simi- 
larity of the general form of these, all the results have been super- 
imposed in one diagram, given in Fig. 17, in which no distinction 
is made for the different places of observation, but in which the 
results obtained on transmitting stations in the British Isles are 

* specially marked. 


<a 
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Although there are many large discrepancies, the results 
plotted in Fig. 17 suggest a fairly definite curve connecting the 
extent of variation with the direction of transmission, the maxi- 
mum effects being in the approximate directions 60° and 240°, 
while the minimum variations occur at about 160° and 340°. 
Some caution is needed in interpreting the curve, for, since the 
true bearings of the more distant European stations are sensibly 


° Transmitting Slation in Brifish Isles. 
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Extreme Variation. 
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Fic. 17.—SHOWING EXTENT OF NIGHT VARIATIONS AGAINST TRUE BEAR- 
INGS OF ALL TRANSMITTING STATIONS OBSERVED AT ABERDEEN, 
BANGOR, BRISTOL, NEWCASTLE, PETERBOROUGH, AND TEDDINGTON. 


the same all over the British Isles, the diagram may only represent 
some characteristic of the various transmitting aerials. An 
indication of this is provided in the observations at Teddington 
on the two stations at Paris (FL and UFP), on whose transmissions 
variations of 6-3° and 22-3° respectively were recorded during the 
Same evening periods. The comparison is not quite a strict one, 
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Fic. 18.—SHOWING RELATION OF NIGHT VARIATIONS TO TRUE BEARINGS 


OF CLEETHORPES AND POLDHU, OBSERVED AT ABERDEEN, BANGOR, 
BRISTOL, NEWCASTLE, PETERBOROUGH, AND TEDDINGTON. 


since damped waves were used in one case and undamped waves 
in the other, but future results should confirm or negative this 
observation. 

The best test of the effect of the direction of transmission upon 
the extent of variation is obviously to observe the same trans- 
mitting station in different directions and at the same distance 
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from it. Although the last condition is not complied with, some 
of the readings taken on transmitters in the British Isles in 
different directions aid in this matter. In Fig. 18 the variations 
recorded on two stations only, Cleethorpes and Poldhu, are plotted 
in their relation to the direction of reception, as before. Although 
these points are few and scattered, there is the suggestion of a 
curve of the same shape as that given in Fig. 18. While more 
confirmatory evidence is needed, these two figures seem to indicate 
the possibility of the variations in apparent observed bearings 
on a radio direction finder being a minimum for a direction of 
transmission which approximates more nearly to the magnetic 
than to the geographical meridian. 


(16) Dependence of variations wpon wave-length 


The general summary of results contained in Tables 5 to 14 
does not show any systematic relation between the extent of 
variation of the observed bearings, and the wave-length of trans- 
mission. The range of wave-lengths covered by these observa- 
tions is from 2-0 to 6-0 km., and some of the largest variations 
recorded were experienced on waves near each of these extremes 
viz., Karlsborg, 2:5 km., and Clifden, 5-8 km. The observations 
obtained on the two wave-lengths of Nantes (2:4 and 4-2 km.) 
also do not show any consistent difference. 

On account of. the almost continuous variations in apparent 
bearings taking place during night periods, this point can only 
strictly be investigated by almost instantaneous changes in the 
wave-length, and the opportunity for making these observations 
is, therefore, rare. A point which has been frequently observed, 
however, at most stations is that, when the wave-length of Karls- 
borg’s transmission is changed from 4-2 to 2:5 km. with an interval 
of a few minutes, the observed bearing changes by amounts 
ranging up to 10°. The change produced is not always in the 
same direction, nor does it always coincide with the general drift 
of the apparent bearing before the change in wave-length. 

On certain occasions it has been observed that one or two 
spark stations show two distinct resonance peaks on the tuning 
condenser of the direction-finding coil receiver. This has been 
attributed to the emission of a double wave due to too close a 
coupling at the transmitter. The effect has been chiefly observed 
on Coltano at Belfast, Newcastle, Slough and Teddington, the 
4-2 km. wave from this station developing two peaks at about 
4-0 and 4-3 km. The two waves so received gave bearings 
which agreed to within 1° in the daytime, but at night, and parti- 
cularly when variations are occurring, the observed bearings on 
the two waves differ by amounts ranging up to 3° or 4°. Similar 
effects have been observed at Teddington on Nantes and Karlsborg, 
although on less frequent occasions. ; 

This somewhat scanty evidence, therefore, indicates that 
when night variations are present a comparatively small change in 
wave-length may produce differences of several degrees in the 


NIGHT OBSERVATIONS 67 


apparent bearings observed.: These differences are, however, 
only temporary, and the systematic error of a number of observa- 
tions remains practically independent of wave-length. 


(17) Weekly variation curves 


To investigate the manner of the variation of apparent bearings 
with time the same principle is adopted as in the previous section, 
viz., the graphical representation of the extreme bearings for 
weekly and daily periods. 

In Figs. 19-21 graphs are given illustrating the annual 
fluctuation of the extreme bearings during a week’s observations 
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Fic, 19.—GrRapHS OF WEEKLY EXTREME BEARINGS OF KARLSBORG 
(DAMPED WAVES, A = 2:5 KM.) AT THE 20.00 TRANSMISSIONS, 
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on three transmitting stations at various receiving stations 


during the period 20.00—-22.00 G.M.T. Further graphs for other 
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Fic, 20.—GRAPHS OF WEEKLY EXTREME BEARINGS OF Moscow (DAMPED 
WAVES, A = 4:8 KM.) AT 20.00 to 22.00 TRANSMISSIONS. 


periods of observation are given in Figs. 22-24. The following 
points are immediately evident from these curves :— 


(a) Up to nearly the time of sunset over the westerly end of 
the path of transmission of the signals, no serious 
variation of bearings occurs, these being constant to 
within 2° or 3°, as commonly observed in daylight. 


(6) When the sun has set over the whole path of transmissions 
the observed bearings commence to wander in an 
erratic manner. 


—— 


I 
| 
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(c) As the time of observation becomes later relative to sunset 
the magnitude of the variations increases considerably, 
reaching a maximum at about 14 to 2 hours after total 
darkness. | 

(@) Apart from the above occurrences in the neighbourhood 
of sunset, there is apparently no seasonal or other 
fluctuation in the order of magnitude of the variations 
over the year, even though the time of observation 
may be several hours after sunset. 

(e) In general, the effects referred to in (a)—(d) above occur 
simultaneously at the different observing stations 
distributed over the British Isles. 
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Fic. 21.—GRAPHS OF WEEKLY EXTREME BEARINGS OF HORSEA (UN- 
DAMPED WAVES, A = 4°5 KM.) AT THE 20.00 TRANSMISSIONS, 
(These observations were made without the use of Heterodyne Reception.) 


The above deductions with regard to sunset cannot be estab- 
lished from the above curve to within a minute or so. Hence, 
in the case of observations on transmitting stations in the British 
Isles, e.g. Cleethorpes, Horsea and Poldhu, where sunset occurs 
at both transmitter and receiver within a few minutes, the exact 
variations in the transition period from daylight to darkness 
require more detailed investigation. At the more distant Euro- 
pean transmitting stations, however, sunset takes place one or 
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two hours before its occurrence in England, and there is thus 
ample time to study the effect on the transmission of electro- 
magnetic waves in the transition period across the dividing belt 
between daylight and darkness. The general inference made in 
(a) and (0) above is that no effect upon the observed bearings 
takes place until this dividing belt passes the receiving station 
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Fic. 22.—GRAPHS OF WEEKLY EXTREME BEARINGS oF Moscow (DAMPED 
WAVES, \ = 4°8 KM.) AT 18.00 to 20.00 TRANSMISSIONS. 


so that darkness prevails over the whole path of transmission. 
As a typical instance the observations on Karlsborg made during 
the week ending 25th June, 1921, may be quoted as given in 
Fig. 19. The time of sunset at Karlsborg was approximately 
19.15 and at Bristol 20.25, being only a few minutes earlier or 
later at the other receiving stations. The observations were 
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made from 20.00 to about 20.30, commencing, therefore, 45 
minutes after sunset at Karlsborg and taking place during the 
passage of the dividing belt over the receivers, and the 24 readings 
taken at Bristol during the week under consideration showed an 
extreme difference of 2°. 
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Fic, 23.—GRAPHS OF WEEKLY EXTREME BEARINGS OF PoLDHU (DAMPED 
WAVES, A = 2°8 KM.) AT THE 21.30 TRANSMISSIONS. 


About three months later (week ending 10th September, 1921) 
a similar set of observations showed a variation of 42-9° at about 
one and a half hours after sunset at Bristol. 

- During the same week and periods in June, sunset occurred 
at Moscow at 17.45, or two and a quarter hours before the com- 
mencement of observations, and yet the 42 readings taken on this 
station at Newcastle show a total variation of 1-5°. Five months 
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later, 7.e., during week ending 12th November, 44 observations 
taken on Moscow at about two hours after sunset at Newcastle 
showed a variation of 14:5° (see Fig. 20). 

It is somewhat unfortunate, but unavoidable, that the majority 
of the transmitting stations upon which regular observation 
has been maintained are situated to the east of the receiver, so 
that the transmission is in general from east to west. The results 
given in Fig. 21 for Horsea observed at Peterborough and Ted- 
dington, however, indicate that quite similar effects take place 
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Fic. 24.—GRAPHS OF WEEKLY EXTREME BEARINGS OF Paris (DAMPED 
WAVES, A = 2-6 kM.) AT 19.30 AND 21.10 TRANSMISSIONS. 


when the transmission is towards the east as when it is to the 
_ west, as from Horsea to Bangor, Bristol and Newcastle. The 
range of transmission is somewhat short in these cases, and the 
transition effect less well-defined, but the curves given are all 
consistent with the previous conclusions. Similar confirmatory 
evidence for transmissions in a northerly and easterly direction 
are afforded by the results on Poldhu recorded in Fig. 23. Although 
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in this case the latest sunset period occurred about one hour before 
the time of observation, there is a marked decrease of the extent 
of variations during this time. With the advance of the year 
and the consequent earlier sunset, the variations increase in 
magnitude to a certain extent, and then remain of the same order 
during the annual cycle, although during December the observa- 
tions take place about four hours after sunset. Fig. 23 also 
provides an indication of the falling off of the extent of variation 
with increasing distance from the transmitter. For example, 
Aberdeen and Bangor are practically on the same great circle 
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Fic. 25.—GRAPHS OF WEEKLY EXTREME BEARINGS OF Two PARIS TRANS- 
MITTING STATIONS OBSERVED AT TEDDINGTON DURING MoRNING 
AND EVENING PERIODS, 


(1) Paris (FL): Damped waves, AX = 2:6 km. 
(2) Paris (UFP) : Undamped waves, A = 2:4 km. 


from Poldhu, at distances from it of 509 and 228 miles respec- 
tively, and the total variations observed on the same transmis- 
sions at the two stations are 8-7° and 18-0° respectively. At 
Bristol, the nearest observing station to Poldhu (152 miles) the 
extent of variation was 26-0° during the same period. 

The majority of the graphs in Figs. 19-23 display a marked 
asymmetry in the departures of the night bearings from the day 
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mean, and well illustrate a systematic error of the mean night 
bearing as discussed in paragraph (13) above. 

Apart from the points already referred to, these results do not 
display any great differences for the various observing stations, 
whether these be on the same or different great circles from the 
transmitter. In Fig. 24 the results of observations on the Paris 
(Eiffel Tower) station during the evening transmission are given, 
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Fic. 26.—Grapus oF DatLy ExTREME BEARINGS OF KARLSBORG (DAMPED 
WAVES, A = 2-5 KM.) AT 20.00 TRANSMISSIONS. 


and these indicate a variation of much less magnitude at stations 
corresponding to a bearing of 150° than at the stations at which 
the bearing is approxinately 130°. While this effect may be partly 
due to the different direction of transmission, as discussed in 
paragraph 15, it is not entirely independent of the transmitting 
stations. For, in Fig. 25, some of the results observed at Ted- 
dington on the Paris (Eiffel Tower) station are compared with 
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those obtained during the same observation periods on Paris 
_ (Le Vallois), and the latter readings are seen to vary to a greater 


extent. The effect of the change from damped to undamped 
wave transmission is one remaining for future investigation. 


(18) Daily variation curves 


The extreme bearings recorded during some of the daily 
periods of observations on Karlsborg, Moscow and Poldhu at 
various stations are shown graphically in Figs. 26-30. In Fig. 26 
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Fic. 27.—GRAPHS OF DAILy EXTREME BEARINGS OF KARLSBORG (DAMPED 
WAVES, A = 2:5 KM.) AT 20.00 TRANSMISSIONS. 


the transition period of sunset at the receivers is illustrated in 
its effect upon the bearings of Karlsborg. The remaining curves 
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show the manner of the nightly variations, and the chief effects 
may be summarised as follows :— 

(2) During a period of observation extending from one-half 
to one hour, the apparent bearings vary in general by 
amounts of from 3° to 10°. 

(b) Larger variations are sometimes recorded during a period 
ranging up to 38°. 

(c) Quite frequently also, the variation from one night to the 
next is greater than the extreme variation during the 


period of observation. 
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Fic, 28.—GrRApuHS OF DaiLy EXTREME BEARINGS OF Moscow (DAMPED 
WAVES, A = 4°8 KM.) AT 20.00 to 21.00 TRANSMISSIONS. 


(d) Where the distance of the transmitter is great compared 
with the distance between the observing stations, as 
in the case of Karlsborg and Moscow, the variations 
are very frequently, although not always, similar in 
direction and extent at the various receiving stations. 


When it is considered that local conditions around one 


or more of the latter may often prevent the observation 
of a bearing at the moment when an excessive variation 
is present, this similarity is surprisingly marked in 
Figs. 26-29. With Poldhu, represented in Fig. 30, 
both bearing and distance vary appreciably for the 
various stations, and the variations do not cispiey 
much similarity. 
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Deductions (a) and (0) are.in marked contrast to those drawn 

_ from the corresponding curves in the day time (see (11) ) which 

showed that during an observation period the bearings usually 

agreed within a fraction of a degree and never differed by more 
than 2°. 

The results plotted for Poldhu in Fig. 30 showed some con- 
trasts with the corresponding day readings in Fig. 13 (making 
due allowance for the difference of scales of these two figures). 
It appears also from this diagram that generally when an observed 
bearing is several degrees different from its normal mean value, 
it varies appreciably during a period of (in this case) five to ten 
minutes. 
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Fic, 29.—GRaApPHS OF DAILY EXTREME BEARINGS OF Moscow (DAMPED 
WAVES, A = 4°8 KM.) AT 18.00 to 20.00 TRANSMISSIONS. 


(19) Graphs of individual bearings 


(a) Occurrences at sunrise and sunset.—It has already been 
indicated in sub-section (9) and Table 19 that there are many 
instances of moderately large fluctuations of observed bearings 
at periods within 14 or 2 hours after sunrise, these being attributed 
to a persistence of night conditions. Also the increase in the 
variations of Poldhu’s bearing at nearly two hours after sunrise 
was demonstrated in Figs. 7 and 13. Beyond these, the observa- 
tions recorded so far in the sunrise periods have been somewhat 
few, due chiefly to the infrequency of transmission of damped 
wave stations at these times. It is hoped that the extension of 
the present investigation to undamped wave reception will 
provide some more evidence upon this point. 
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The information available for periods in the neighbourhood 
of sunset is much greater, and the chief results so obtained may 
be demonstrated with the aid of Figs. 31-33. In Fig. 31 (a) 
the increase in the extent of the observed variations after sunset 
is represented for transmission from Clifden to Newcastle, 7.¢., in 
an easterly direction. In Fig. 31 (6) it is seen that, while 
the bearings tend to be rather unsteady during the transition 
period, the more marked variations do not commence until after 
sunset at Clifden, i.e., over the whole path of transmission. At 
one to two hours after sunset the bearings are generally erratic. 
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Fic.’ 30.—Grapus oF Dairy ExTREME BEARINGS AT PoLDHU (DAMPED 
WAVES, A = 2-8 KM.) AT 21.30 TRANSMISSIONS. 


In Fig. 32 similar observations on Clifden made at Bangor are 
shown, not for the same periods, however. While these generally 
confirm the previous deductions, it is also seen that on some 
occasions the variations commenced about half an hour before 
sunset at Bangor and nearly one hour before sunset at Clifden. 

Fig. 33 illustrates a week’s observations at sunset of the 
bearings of Moscow at five receiving stations. During this week 
the fading of signals about one hour before sunset at the receiver 
was particularly marked, and it is evidenced by the results at all 
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stations either by failure to obtain bearings or by the reduced 


accuracy. The “fading” lasted for a period of from 15 to 30 


minutes, and was nearly always accompanied by an appreciable 
change in the bearing in the same direction. The consistency of 
this occurrence at all the observing stations is particularly notice- 


able in this diagram. On an occasion some five months after the 
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Fic. 31 (a).—WEEKLY EXTREME BEARINGS OF CLIFDEN (UNDAMPED 
WAVES, \ = 5-8 KM., OBSERVED WITHOUT HETERODYNE) AT NEW- 
CASTLE AT 16.30 to 18.00 TRANSMISSIONS. 


above observations very similar fading effects were observed on 
Moscow’s signals about 40 minutes before sunset, but in this case 
they were unaccompanied by any appreciable change in bearings. 
The observations that have been made at periods coinciding with 
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Fic. 31 (b)—GRraApPuHS OF INDIVIDUAL BEARINGS OF CLIFDEN AT NEWCASTLE 
DURING WEEKS ENDING 22ND OCTOBER AND 17TH DECEMBER, 1921, 
AS IN Fie. 31 (a). 


sunset at Moscow have shown only slight fluctuations never 
exceeding 3° from the mean bearing, an amount which is quite 
commonly experienced under daylight conditions. 

It will be noticed generally from Figs. 31-33 that, after the small 
erratic fluctuations which occur in the neighbourhood of sunset, 
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the first large change in bearing is practically always in the same 
direction. This change corresponds to an apparent rotation 
towards the south when the transmission is from the east, and 
towards the north when the signals arrive from the west. Although 
subsequent variations tend to be equally distributed about the 
normal bearing, this fact undoubtedly accounts for the systematic 
error of the mean night bearings observed on some stations (see (13) 
above). 

(0) General night occurrences.—In Figs. 34-36 the bearings 
of Karlsborg and Moscow respectively are represented as observed 
at several stations duting the same times over a period of two 
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Fic. 32.—GRAPHS OF INDIVIDUAL BEARINGS OF CLIFDEN AT BANGOR. 


weeks. It will be seen that the erratic variations observed show 
only a very general agreement at the different places of observa- 
tions except where the distance between these is very small 
compared with the distance of the transmitter (e.g. as with 
Slough and Teddington in Fig. 36). Several cases are shown 
in which the changes in bearing of the same transmitter are 
in opposite directions at the different receivers, even though 
these are approximately on the same great circle. In some 
cases the bearings of the two transmitters, Karlsborg and 
Moscow, vary in a similar manner at the same receiver, but 
in other instances no similarity is shown. Fig. 34 indicates 
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several occurrences of a failure to obtain bearings due to either 
(2) interference from atmospherics; (0) a change of the 
received “spark’”’ note on operating the reversing switch ;of 
the direction-finding set at the balance position ; (c) the absence 
of any change in intensity of the received signal with rotation of 
the direction-finding coil. These occurrences are, in general, not 
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Fic. 33.—GRAPHS OF INDIVIDUAL BEARINGS OF Moscow DURING SUNSET 
AT RECEIVERS. 


simultaneous at the different stations. Further discussion on 
this matter will be given later. 

The records of several weeks’ observations of the bearings 
of Karlsborg and Moscow are given in Figs. 37-39, plotted 
to a larger scale to show more clearly the variations which are 
almost continuously occurring in the night periods several hours 
after sunset. These graphs show very clearly that similarity of 
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.the variations only occurs at two stations situated comparatively 
close together, such as Slough and Teddington, at a distance of 
11 miles. Figs. 37 and 38, for example, show great similarity 
in the direction and extent of the variations at Slough and Ted- 
dington, even when those at another receiving station are in the 
reverse direction. In Fig. 37 the variations of Moscow’s bearing 
at Slough and Teddington on 24th and 30th of January are very 
similar, while in marked contrast to those observed at Newcastle 
simultaneously. It is to be noted that where there is a disagree- 
Observing 


- i ai |, 3st 


we 
Oe hie sna 1 ReneRty, Kit i pa east Aberdeen. 
6g 


Bangor. 


Hake i Bristol. 


x Tre Bearing 


8 


| | 
No Bol. is | NoBal. x | No Bal 
Flor M 


m m Wl 
FlarMin™ Flat Min®! | “ ce Newcastle. 


70 \ | e Balance 
J | 4 i 
60} Tre Bearing ai 
j | 


5 
| 
G.M4.7.2000 20% 2000 2630 2000 2030 2000 2030 20.00 SENS RE SS 
sf 6? 7 LUN: LPM ra ee tt EAT LE 11S, 
SEPTEMBER, 192). (Karlsborg, 1732-17 (2. 
Ca = Change of nole af balance 4 = - Almosphencs jomming. Sunsel 5 EEN, 18.30-18.10. 


Fic. 34.—GRAPHS OF INDIVIDUAL BEARINGS ON KARLSBORG AT 20.00 
TRANSMISSIONS. 


ment in the variations experienced at the two neighbouring 
stations (7.e., Slough and Teddington) the observed bearing is 
changing very rapidly, sometimes several degrees per minute, 
in which case very exact synchronisation of observation would . 
be necessary to obtain complete agreement. The enormous 
difference in the amplitude of variations observed by day and 
night is shown by the comparative readings given in Fig. 38 to the 
same scale. 
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(20) Continuous observations over 24-hour periods 


During the present investigation little opportunity has been 
obtained for making continuous observations over a period of 
24 hours, due not only to the need for more than one observer at 
each station for such a test, but also to the absence of any damped 
wave station giving sufficiently continuous transmission. Advan- 
tage was, however, taken of some special transmissions from 
Horsea during September, 1921, to make a few continuous observa- 
tions, and some of the results obtained are plotted in Fig. 40. 
This diagram shows very clearly the following points, all of which 
confirm previous deductions :— 


(a) While during the daytinie the observed bearings never 
vary more than 1° from the mean, the variations at 
“night ’’ range to some 6° on either side of the mean. 


(0) The variations usually commence within one hour before 
sunset, and after increasing in range, continue all 
through the night until one or two hours after sunrise. 

(c) On some occasions a progressive change in bearing is 


observed, while on others the variation rapidly passes 
from one side to the other of the true bearing. 


(d) The variations are as likely to occur on one wave-length 
as on another over the range used. 
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(21) Extent of vaniations at short distances 


It has already been noted that the greatest night variations 
are fairly well distributed over all ranges of transmission of from 
150 to 1,500 miles (see 15 above). The following Table No. 23 
shows that the variations are somewhat less though still quite 
appreciable at shorter distances down to 41 miles. 


ABLE NO. 251--V ARIATIONS AT. DISTANCES LESS. THAN 


100 MILEs 

Observing Transmitting Total 
station. station. Distance. variation. 
(miles) (degrees) 

Aberdeen .. ..| Aberdeen .. a; 4-6 2°3 

Bristol ie ..| Horsea me ihe 78 p 35 

vt che ..| Chelmsford cf 133 17-0 

Newcastle .. . .| Cleethorpes ff 118 12-0 

Peterborough Ae rn #) ay 68 Dreiky 

Teddington .| Chelmsford ae 4] 19-3 

5 By, ..| Horsea ces £. a2 8°3 

4 .| Whitehall .. af 10 . 3°4 


In the only two instances of transmission over distances of 
less than 40 miles, no appreciable difference in the variations 
by day and night has been observed, and all bearings obtained 
at these short distances have shown a maximum variation of 
only 3-4°. 


SECTION V.—CONCLUDING DISCUSSION ON THE 
INVESTIGATION 


ALTHOUGH during this investigation the Robinson system has 
been employed throughout, a-series of special experiments in which 
Bellini-Tosi and single-frame coil sets were used in addition, 
showed that all three systems are equally subject to these varia- 
tions to exactly the same extent, neglecting any differences in 
instrumental errors ®, 


The results collected and discussed in the previous sections 
show quite well that these variations are so erratic in their fre- 
quency and magnitude that it is only by regular observation of 
a large number of bearings that any reliable and tangible deductions 
may be drawn. This has been brought out during the course of 
the experiments, for many conclusions arrived at hastily in the 
early stages of the investigation have been modified and sometimes 
completely reversed by further observations, 
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(22).—Percentage of errors 


In the present instance it is considered that the results are 
so numerous and so consistent as to permit of the few conclusions 
already drawn. Out of the 41,000 readings here dealt with, the 
greatest variation recorded is 66°, for the observations of Karlsborg ~ 
at Aberdeen. This, however, corresponds to an actual error from 
the mean of only 39°. 

The following tables Nos. 24-27 give the numbers and per- 
centages of the results which differ from the mean by certain 
fixed amounts up to 20°, as observed at the four stations where 
the greatest number of readings were made. 

Viewed in this manner it 1s seen that during the day there is 
an appreciable number of readings which are more than 2° in 
error. The number of readings which correspond to an error of 
more than 5° is very small, and these can almost entirely be 
accounted for by their being taken near sunrise. At night, how- 
ever, a comparatively large proportion of the readings are between 
5° and 10° in error ; larger errors than this are infrequent, while 
a bearing corresponding to an error of more than 20° is so rare an 
occurrence that the possibility is quite negligible for any practical 
uses of direction-finding. 

This point can be realised from the curves preteen given, 
which show that the more serious departures of the observed 
bearing are of only short duration. The rate of change of the 
bearing at night varies over a wide range, from one or two degrees 
in ten minutes up to a maximum observed alteration of 37.5° in 
ten minutes. 

This maximum alteration was in the observation of Karlsborg 
at Bristol on 5th September, 1921. During the same period 
at Bangor an alteration of bearing of 15° was experienced, whereas 
at Aberdeen and Newcastle the observed bearing was steady 
within three or four degrees. On many other occasions also the 
bearings were varying so rapidly that as mentioned below, an 
accurate observation was impossible. 


89 


CONCLUDING DISCUSSION 


ol SZ 
€-0 3 
c:% ih 
6-6 ial 
9:¢ ts 
*yu90 | *sqo 
lag "ON 

"7U8IN 


PUPP EEE EEE EEE] 


Se PUPPET EEE ey 


“Aeq 


00°06 F ULY} S10] 


6-y | 901 [70-0 | 1 | -71| ore | o-t | 88 | s-4e| ore | 1-6 | 920 | szr'al zerz 
ra eg ape a ea aa ers — | — ;z-9¢] st | — | — | ze | st 
POETS — | — |z8 | 6 — | — |zest] oc | — | — | orl zer 
— f|—}]— |; —j;—]}] —}] — | — | — | — Jas | w | — | zor 
= peal — | — leer) 9s | — | — | teve| vw | — | — | te] — 
— |} —)}—]{—j;—]}]—]—]—}]—)] = / eo | 1 — "| ¥9z 
—}|—};]—-—];—}]—}]—)]—; —}] — | — Js | o¢ | — | gos 
a eS ee ee er) c — | — | 1-21} 92 | — | #01 
ane poe po ee ee gets bt — | — |riz} mu | — |— | ze | ¢ 
Esai ees Sa — | — |¢-9,| +1 | — | — | ¢-76] 61 | 8-62] ¢ cos | iz 
— |= }]=—] — | —'| — ]ee6 | z — | — |/6se] tr | — | zr 
ee | ep a See cee at Gio) ae 
—}—} — fF —F—] —] HJ] — | KH] KH] — | — eee | |) 
po | ce | — | — |aaet}| sor | — | — | z2-9%| 9e2| — | — | Tes] ¢ 
—~}—}—];—]},—}]—]— |] — | — |] — | er] et | — | Ze 
eee — | — {91 | i — | — |u4-1¢} oz |oz | 9 69 | 6L 
fepesh ctr | et) = oegp) ze = ey ae | peels 
9 | or | — j — |1-6r} te | — | — | 1-43] be | sit] 6 zol | 82 
Ser ae eae ape: — | — | Fst] z — | — | st | ze 
g-ez| se | — | — |z-er| es | — | — | 9-s1| a | ez | et | tet] ost 
9-7 | Se ze | kk | PGS) Oe ee) O-0T | 98 | LI 
ey |) I — | — +61 | z — | = \6-e | ef \eee-) 4 o¢ | &F 
a) erst | 8 SP OE 1-6-1 ie a) Sree] See FOr tell 
9% | §& — | — j96 | 11 | — | — Jo-sr] 6 |o-9 | z IL | €& 
—|— |oe |] 1 — | — | 9-02] z — | — | #62] or | st | #9 
‘ | B 
4U99 ge }U99 S10 1U990 BuO *JU90 sqo 4U99 | sqo “JU90 ale 143IN keq 
19d ON 19d ON 19d . ON I9q ON Idd | ON 19d ON : 
3 
1USIN keq ISIN keg 3U3IN seq eee | 
ae : JO ‘ON 
1 ' TeqOL, 
00° OL ¥ wey} o10jy 20°S ¥ ueY} o107" 00°% F UeY} aI0qy 


[e}0L, 


6é 


Dee Raa Se DE 60 _ N4pred 


cé 


"yds ‘streg 
Ore [OoIN, 
SS 
‘yds ‘ueneNn 
rae erees™ 


P-G ‘soyueN 
MOOSO JI 


cs “USsneYIO}SNMSsTUO 3 


oP ce 


C.% "ads ‘B10qspiey 


eosloyy 
oue}jo) 
UePHTO 
sodioy}09]9) 
psOfsOR YD 
uoAreurey 
ysodepng 
uvepi10qy 


‘UOT}EIS SUl}}IUISUeIT, 


YOONVA LV NVA IVONNY WO8tT SHONHNSHHIGC] AOVINAOWAgG—' PZ 


‘ON aAIaVEh 


VARIATIONS OF APPARENT BEARINGS 


90 


r:0 | ial fs IN | €-% | 68 pool | HIN | #2 | 16Z [80:0 | C is LG PEs. 1 Bt cf | sos'e S6P'S |" oes TeqoL 

Satie =i aa oe eS ee ee coer : cae 7x e-9¢ 8 foe ise! + rea ae tea ae.  -eyoS 
asks eel ces =A 8:9 01 =F = | 82 L = eae Bae oes Saw cle SE z OSI | StL {OsIa Ppueog6éo “ 
0-3 8 a | SS es 3 = 4 92 97} 99 = me 1 S°6 oF 1 See g S65 Taon -- 4°" “* g+g ads ‘nyplog 
ae Pi aie = me — — — — = — = ee = =e aa eon OF ZI-00'SI aE * = 
mea Oe am | ee ee a ee eee a eS nmcshepeoer | OF 1T-OD Ti gage 
—|—|—]|]— jor! 1 ener a Oa GEO GE eee | O09 tee 0S is eee 1 OOF sues a OU1Z Soe 
ae ae — — |}; — = =| -0:% € == eerie 1c a Sar EY = 0761 9:3 * - 
a ee eee = — — — --- -- —- — = = =< = se? = eOCG OS*1 1-06 iO: = ae 
— , — ] = —|— - — — — = Se — | — SSee S21 O01 — | 99g 00°11-03°60: 9: ae 
= = — ae) | — _ -- — — as ae | o0 B50 I Poon Oe Ci'S0 0:6" <a 
aa’ SS =. sense nies in a Se = aa — pa, z — — SZ — f See 9-7 “dS Sse 
ae = = = = — — — — _ _ — = a EOP] ak 8 Zi : JJore[OOIN 
= uae as — a = = — — a _— — = Sen ee 3] ar i, SSt 6-¢ “yds ‘uoneN 
— — — — — — — — —— — — —- — — — — FI — uP so 

Ae pia = as — fae wes ae aa — ao a — — — — — 8% oF £6 

= = oe st — — — — — —- — IL I a a ek ea eee p-3 “dg ‘soyuen 
— ac co ay eee ae j —- ese 9 QL sa = SLT GOT AE ee al OVE ae G oe MOOSOW 
= — = a = = — = = oe mz a) | OF 8G ee L GeO 3 61 “057 > 
bea 9 <a Lat 91 — Sone Bake 0S = mis EG Oh 1 OF [sles == | ORE ae 00-02 ¢-% “Ads ‘sroqsprey 
ae 2 = = es 77 x ve Mera 0Z SS |) Se Boel 96) 1 Gag LE) S@he BGs leai- = ae eesi0H 
= = =S = ro a comes ee 0G ead eee Es ee oakley tech on 2% a = ouey05 
= Soe oz = = = = One Z = et BE YS OL = = | 89 aed ot u uepHTD 
+z Sa os = ae ae Sg ee: 5 a lors Tage VEST 2G 0-:S3 | § IsSZus 8 val Cis Oo boM Ose 

a OR i i ee tae a ee Co LS ° Sta ne Fea al el = © III —s eee eee iz; (3 

& “= eS eae — — — — ~ - — cts (Se ee a meee Tere 0-¢ “dg ‘sedroyzee[9 
ome = Freeda sae 950) I ae — | $-9 IL TE sea GO Il | Of v 691: PhS oe "“*  profsupayD 
= a ae Ss 621 9 =e =e Osmo Se i, Bh be SEZ Ee g OLE eevee ss ms *  ysodepng 
= es wa — =e See es ae a as a a 66°F rat 8:1 Z (Gh Cie te ie $2 zanfuely 
“390 “sqo *1U990 *sqo “7990 sqo 7U90 sqo yUV0 sqo 4U99 sqo 1U990 | sqo 1U99 sqo 4 Stnr | -Ae 
10g ‘ON 10g “ON Jag ‘ON Tag ON dd ON log ON leg ON tod ON TetN d 

: i ; ; ema j es fe *UOT}e1S SUI}IWISUeLT 

1U8IN cel 1USIN Aeq VUSIN Avg aUCIN ad "suOT}eAIOSGO 

See 2 ee eS eee ee JO ‘ON 
: : 2 : TeqOL 
00°03 F Uey} o10y 00° OL F Ueyy s10;y 00° F ueYy} o10]{ o0°S F UeY} o10]{ 


TIOLSING LV NVA, IVAONNY WOUA SHONAAAASIGQ] AOVINADNAG—'CZ ‘ON ATaV 


91 


CONCLUDING DISCUSSION 


remem ee 


FIT Z TEN IPF: T tL ae sh 
6:S I =o —~ 16° I Sts Ses 
8s-0 I a = ot $29 at Se ee 
0-0 I = —=— 0-0 9 es 
See eS ess ae 
6:0 f = Sat 826 Ih a 
a sak = a ee “cA === 
= oe. a speed c eee 
Gee pee ei ee 
a ae ao pe (1 9 See 
ea = = eee a “ore I — 
a a a 
*ju90 “Ssqo *JU90 *Sqo 4U99 *sqo °7U99 sqo 
Jag "ON 19d ‘ON 13g ‘ON 13g ON 
"q3IN "kU “TqSIN “Aed 


"00° 0G # UeY} O10 
Leanne reece n eres ree err eeeeeeeee essere rses sees SE SS I SSS SSS RS SSS SS SSS SCS TESS EES SSS SSAC) 


"90° OL F Wey} a0 


reL gle | 3-0 
ee "4 — 
62 | S <= 
Z:9% | SP = 
LP S — 

€-es 6 0-9 
L-9 wl | — 
6-02 | 92. [gro 
y-Sz | ZIL| — 
Sl 9 — 
LF Z — 
i ise co ee 

| O-g ry |6e-I 
EZ Zl = 
8-01 | F 0:% 
"4190 *‘sqo | *}m00 
Idd "ON Jog 

| 
1USIN "AU 


"00°¢ ¥ UeY} OO] 


6 £-6Z | LOS‘T| 0-S 
rao oa Ace Os Le 
| 2 EA Se Ca KS, = 
aon is ie REA ees = 
ee UGC si PO a SEG 
Tie 9 9¢ — 
= a — | 66-0 
== Ore LY I-¢ 
¢ 0-0Z | 61 | 0-02 
me Su AGO) eS ol ee 
— = ee 
I 0-0S$ | #9 | ZL-S 
0 Fee 
— |0:SI | 6S | 8:6 
= (59-41 1 -e = 
4 Oeste Soe Ce Ot 
I 0-S8 | FE | 8-LzZ 
—" | p-¢ e = 
pe ¥ 9-1 
Pe |G ee ele 
sos Sab at 8 ss 
j L-9S | 135) 0:98 
SSQO=1|)23009 FI <SqOss au) 
‘ON Idd ‘ON 19d 
“VU5IN “Ae 


"00-3 F UY} O10] 


© Ce on, in ne SO CNUICN vt ow | Oo o m 
eit emena tome Hey teatro he Se alee AnD tea bi | 


[op) 
oD 
r 


*sqo 


9Z1‘°S | F09'F 
EZ 09 
991 |Z 
Li rI 
Chl Se 
Sai lee 
StF = 
=A S09. 
= 1901s} 
=| BOS 
901 | O9T 
LG 0S 
Sete Oa, 
SES‘ | SI 
ere 
SEl A L6S 
ieee 
76S | F0Z 
CF Y= 2 
Z8I_ | $6 
sees 
a eee ees 
L8 a 
9SZ | 9ZI | 
IZe eee 
ZOl | $9 
LS | OOT 
‘WUBIN | “Ae 
“SUOTJEATIOSGO 
jo "ON 
[eo] 


eee 


TeqoL 


MBSIE AA 


ce “ce 


ce ce 


‘yds ‘si1eg 
Horelooiny 
6: P “M9 cc 
3-¢ “Yds “uoneN 
aig MOOSO J 
ops 
eee vi : P (a9 “ec 
¢-% “dg ‘“s1oqsjrey 
re eoslo FT 
ouejjoy 
3: c "MD 6é 
8-¢ “yds ‘uepyTD 
c P a "MD 6c 
Z°E “dS ‘sedroyz0[9 
og ? Pptojswmypeyy) 
ysodepng 
zonfuely 
usepl9oqy 


"U0T}e1S SUl}}IUWISUeIT 


FILSVOMAN LV NVA] IVANNY WOWA SHONANAISIGQG ADVINAOUAG—9Z ‘ON ATAVI 


VARIATIONS OF APPARENT BEARINGS 


92 


_—_—— |e |, |) | 


60:0 | # = 

3:0 € ee 

6:0 I = 

*yu90 | *sqo yu90 | 

19d “ON. tog | 
“TUSIN Aeq 


"0-00 ¥ Uey} o10Jy 


PACT ETT a TD eo Ste Sa 


*sqo 
‘ON 


GS-1 | +9 | c0-0 z | Z'8 | BPE |80-0 g S:0€ | L9Z‘I| 6° | 6LL‘E |" 
elias Cs. oe Ra ee i lead abd Sb aie a 
= =e pest ed = os =a = |.0:% I a | al OF ba 
= ee = = aa we = cag oF at a ehey. I ri 1Z 
9-0) I = Sa | SGlGae aa — | $-Igi|--9¢ =F coon ae 1a a 
£9 | % = ese Or 8 saa BOOK 1G a SS ace = 
6-8 | LI 7s ose SERS ame — a= 0229.4) Lolth ©-0 I O61 | $6z 
6620 | Ge | See = | 67h | OL = Se 4) OF8S 1 Sy eh O-F1 1 ~208 “seco -i ene 
as ota = =e P| as ze ae rs ei id ¢ oe 5 
— rae =e = =a = cae se ere 8 — Saye VG = 
ee ee ee ee ee ee ere 
= a a ieee ae = tae = =< = aes j — | 66¢ 
a “= a; eee a =a as — = Se I See alee 
re = sre Shes ONS 7 = == aNS6G0l <e6 aa Oat I cr 29 
== a Ss = ecg ates = = = 7g == aa 3 ec ORT 
=< — oe = a Sako s Ot = Sr GOSS a eel Aiea g OF 8g 
= ae = — |9$°% I = Se ee ca Heer = oe Fees a1 Ol 
9:0 8 Sse ieee aS 9014) == Se Ge Be ee eg ha. I coat | Le 
c°F S en OO eee ee i pOsGOs|: SOL ateeeeh 8 ZIl | 09 
Z:9 0% pao es Mae POn OL = Ht 4691 | al CO clea a cs ae 
= = ae = ee I as ry EA SZ = ae Oe™ sted 
6° € ey FET RG c = == SO ULy =| abe = Se 61 
= = ae = ae = re a, as A aeGek j Tae 
= i ==5 See ae ears a Seca pol Gala 9 = PsbS — 
ST-0 I ae — 199:% SI |SI-0 I 0-61 | 621 | €-9 cr | o89 | L99 
9-1 c PI c g-8 9% | £1 6 0:08 | 26 | $-S 8 = L0e | #4 
| | 

Lee -Sqo yus0 aco yuU99 ‘sqo yus9 "sqo yusd0 sqo yUu90 "sqo -7VU8IN | “heq 
d ON log ON Idd ON Iag ON Ig ON log ON 

° . r . Sg 

1YSIN Aed 1YSIN Aeq 1USIN | Aeq | ‘suoreazasqo 

= JO “ON 
: ; ree [2101 
o0°O F UeY} sI0W 00° F UeY} sO; 00°G F UeY} spy 


TeIOL 


Teyeny Mm 

Mesie 

eyos 

OSI PUE 0E°60 NYplod 
: Sa lig A22T 


G's a 
9 : G “eé 
9°% 
9 z Va ce 
9:7 °1dsS ‘stieg 
JJOTe[OOIN 
¢ ‘yds ‘uonen 
a 6é 
z ‘yds ‘sozueN 
M0980 fl 
ce 
"ads ‘BIO qS[Ie MT 
eosloy{ 
= ouey]o) 
3 L°$ BS ‘UepHTD 
0-§ ‘yds ‘sedioyje0[9 
¥ “" psofsupeq) 
ysodepng 


G° 
Go" 
hs 
Vv 
G 


tor, 
0, 


‘U0T}LYS SUT}}UISUeIT 


NOLONIGGAL LV NVA, TVONNY WOU SHONATNAAAIC, HOVINAOYAgJ— 


17 ‘ON alavy 


CONCLUDING DISCUSSION 93 


(23).—Fazlure to obtain bearings 


In general working the chief causes of being unable to obtain 
bearing observations were the weakness of received signals and 
interference. Owing to the large difference in intensity from day 
to night of the signals from: the more distant stations such as 
Budapest, Moscow and Nicolaieff, there are many cases of 
regular observations being made at night, whereas observations 
on the same stations by day were few and at comparatively 
rare intervals. In other cases also the strength of received signals 
was quite adequate for accurate observation but for the presence 
of interference from other signals on the same or neighbouring 
wave-lengths. Accurate observations under these conditions are 
very difficult, due not merely to the presence of the interfering 
signals, but rather to their change in intensity as the commutating 
switch is operated. For in the general case in which the inter- 
ference is from a different direction from that of the required 
signal, the intensities corresponding to the two positions of the 
switch will be very different. The effect of this interference 
varies greatly with the position of the receiver relative to the 
interfering transmitting station. For example, the signals from 
Paris (spark), received in the south of England were usually so 
strong as entirely to prevent other observations on neighbouring 
wave-lengths, whereas this difficulty was absent in the North of 
England and Scotland. 

The interference was not confined to spark stations, however ; 
‘for example, the continuous wave transmissions from Nauen on 
4-7 km. made it somewhat difficult to make accurate observa- 
tions on Moscow’s 4:8 damped waves. ‘Much trouble has, in 
fact, been caused during the investigation from this cause, which 
is really attributable to the impurity of the continuous waves 
emitted. The extent of this impurity or modulation of the waves is 
evidenced by the case of the reception of C.W. signals from 
Clifden and Nauen on this small coil direction-finder. Although 
these two stations are distant from Newcastle by 355 and 612 
miles respectively, adequate signals for the accurate observation 
of bearings to +1° were possible without the use of heterodyne 
reception. 

Quite apart from signal interference much trouble has also 
been experienced at times, and particularly during the summer 
evening periods, due to atmospheric disturbances. On certain 
occasions these have been so strong as to make observations 
on any but the strongest signals very difficult indeed. For this 
reason it is not easy to obtain any evidence connecting strength 
of atmospherics with variations, but in any case no necessary 
relation between these has so far been observed. 

In the evening periods it has occasionally been difficult or 
even impossible to obtain bearings due to various causes including 
those just mentioned. A summary of the records of these instances 
as noted by the observers at six receiving stations is given in 
Table No. 28 below. 
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It will be seen from this table that the most frequently recorded 
instances of failure to obtain a bearing were at Aberdeen and 
Bangor, but whereas at the former station weakness of signals and 
interference formed the chief difficulties, at the latter, the change 
in character of the (spark) note received was most noticeable. 
The effect was a change in the character of the musical note heard 
in the telephones for the two positions of the reversing switch, 
and makes an accurate comparison extremely difficult. Although 
the phenomenon has never been noticed in the daytime, it has 
occurred on several transmitters, most frequently on Poldhu and 
Karlsborg, stations which gave spark notes of widely different 
frequencies. The nature of this effect seems to indicate the arrival 
of two waves at the receiver slightly out of phase with each other. 

Since the Robinson system operates by effectively swinging 
a single equivalent coil through an angle of the order of 30° for 
the sets used in this investigation, the sharpness of the minimum 
of signal strength is not ordinarily observed in the normal taking 
of bearings. In some cases, however, as noted in the table above, 
the minima become very flat, so that there is very little change 
in signal intensity as the coil system is rotated through 360°. 
This effect may again be attributable to the arrival of two waves 
out of phase, and producing a non-linear field at the receiver. 
The proportion of instances in which this has been observed 
to occur is, however, very small, being always less than 2 per cent. 
in this investigation. 


(24).—Conclusions and acknowledgments 


No attempt is here made to co-ordinate the observations 
with theoretical deductions. Many of the conclusions arrived at 
are based on somewhat scanty evidence even considering the 
large scale upon which this investigation is conducted. From 
the termination of the period at present under review (viz., 
Ath March, 1922), the work was continued for a second year, on 
practically the same scale and with all the receiving sets 
equipped for observation on continuous waves. It remains, 
therefore, to be seen if these additional data will confirm the 
present results and what new deductions may be obtained. 

The author wishes to acknowledge a great deal of very helpful 
advice and criticism from the members of the Committee of the 
Radio Research Board, under whose direction the investigation 
was carried out. 

Acknowledgment is also due to the various observers, detailed 
in page x, for the ready and efficient manner in which the observa- 
tions were carried out to the author’s instructions, and for 
accurately recording the various effects observed throughout the 
investigation. 

Finally, the author is greatly indebted to Mr. S. R. Chapman, 
B.Sc., for his willing and untiring assistance in the calculation 
and checking of true bearings, and in the reduction of the large 
mass of observations received. 
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